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SUMMARY 
Work being presented in this thesis consists of three parts; (i) a 
new method for the synthesis of aldehydes starting with acid chlorides, 
(ii) chemical examination of Tithonia diverslfolia A. Grey and (iil) chemical 
examination of Artemisia siervisiana. 
Synthesis of aldehydes 
The synthesis of aldehydes has been achieved by reducing alkyl 
chlorides with formic acid/formates. The reducing agent has been 
introduced into the reaction mixture supported on a polymer. This reduction 
takes place under ambient conditions giving good yields of aldehydes; 
ranging from 72.9 to 88.5 percent. Synthesis of sixteen aldehydes has 
been achieved results of which are summarised in Table 1. 
Chemical examination of Tithonia diverslfolia A. Grey 
A chromene has been isolated from the petroleum ether extract and 
its sturcture determined as 2,2-dimethylbenzopyran [2,2-dimethyl-2H(1-
hydroxy-6-acetyl)[2.3-b]Pyran, [IJ. 
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Chemical examination of Artemisia sieversiana 
The petroleum ether extract of the aerial parts of A. sieversiana on 
column and vaccum layer chromatography yielded two constituents one 
of which has been identified as artemitin (II). Structure of the second 
constitutent has been determined a$ (III), a guaianolide dimer. 
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Intt'oductlon 
INTRODUCTION 
Synthetic studies in organic chemistry is a multifaceted activity and 
depending on the objective, different approaches are required. < An 
Important aspect of such activity is functional group transformations 
•ind more often than not several methods are available for each of these 
transfomfiations. These methods are compared on the basis of the cost 
involved, yield, procedural convenience etc. Part of this thesis reports a 
method for the conversion of acid chlorides to aldehydes which has been 
achieved by using formate as a reducing agent. The method being reported 
stands in good stead in comparison with the methods available for this 
transformation. 
Man used to look to his neighbourhood for treatment of ailments 
afflicting him. Gradual accumulation of such data pertaining to the 
medicinal properties of plants led to development of various systems of 
medicine. Plants which are found to be medicinally active were subjected 
to chemical examination witli a view to isolate and identify the ingredients 
responsible for their activity. Results of such investigations were manifold, 
prominent of which was study of the structure - activity relationship of the 
isolated ingredients. Offshoots of this approach were attempts at the 
synthesis of natural products isolated, and chemical manipulation of the 
active principles in search of compounds of higher efficacy and potency. 
In effect, thus study of chemistry of natural products provided a fillip to 
synthetic organic chemistry. Isolation of active principles from plants also 
prompted the chemical examination of botanically related species, in 
search of related drugs, and altemate sources of known ones. Such 
investigations have given rise to the frontier discipline of chemataxonomy. 
India is known for its rich flora, a vast part of which is yet to be 
investigated. Reasons outlined above and the availability of some 
interesting plants resulted in the work described in this thesis. The second 
and third chapter of this thesis report the results of chemical examinations 
of two plants vizT/ffton/a diversifolia A. Grey and Artemisia sieversiana 
Synthesis oP 
aldehydes 
SYNTHESIS OF ALDEHYDES 
Aldehydes can be approached from alcohols or acids/acid 
derivatives depending whether the mode of reaction is oxidation or 
reduction respectively. The acid derivative which is most conveniently 
reduced to aldehydes is the acid chloride^ (Table -1) 
TABLE -1 
Approximate order of reactivity of functionai groups 
Functional group 
R-CO-CI 
R-NO, 
R-CsC-R 
R-CHO 
R-CH=CH-R 
R-COR 
C,H,CH,OR 
Reduction Product(s) 
R-CHO 
R-NH, 
H H 
R^ ^ R 
R-CHjOH 
R-CHj-CHj-R 
R-CHOH-R 
CgHjCH, + ROH 
Comments 
Most easily reduced 
With Pt catalyst, reduction is 
accelerated by ferrous ion 
Ease of reduction is decreased by the 
presence of additional substituents 
Functional group Reduction Product(s) Comments 
R - C ^ R.CH,NH, 
R-CO-O-R' R-CH,OH + R"-OH 
Also partial reducton of other 
polycyclic aromatic systems 
Pt & Pd catalyst fails to effect these 
reductions 
Least easily reduced 
R-COjNa Inert 
Reduction of acid chloride is a sensitive reaction as the aldehyde 
formed can be easily reduced further to the corresponding alcohol. The 
reductant hence has to be of very miJd reactivity. The classical procedure 
and probably the most widely used one is the Rosenmund reduction^ ^  It 
consistjof the catalytic hydrogenation of acid chloride during which the 
carbon chlorine bond in the acid chloride undergoes hydrogenolysis. 
o 
n 
R-C-CI + H, 
Catalyst 
O 
•> R-C-H + HOI 
The most commonly used catalyst in this reaction is palladium in 
conjunction with a catalyst poison/regulator. The most commonly used 
regulator is barium sulphate^. The following regulators have also 
successfully substituted barium sulphate, viz; quinoline sulphur ,^ 
thioquinanthrene*'^ , thiourea and other sulphur compounds*. tetramethyl 
urea®, pyridine and copper^ thiophene^®, dimethylaniline^ ethyl 
diisopropyl amine °^, sodium acetate" and 2,6-dimethylpyridine". 
As far as the catalyst is concerned palladium has been substituted 
by other metals viz; osmium^^ , platinum^^ -^ a^nd nickel 2.14.15.16,17 
The solvents used in this reaction are aromatic hydrocarbons, the 
more common ones being benzene, toluene or xylene all of which are 
resistant to hydrogenation. The specific choice of the solvent depends 
upon the temperature requirement of the reaction. The reduction is carried 
out between 50°C to 200°C in case of the preparation of hydroaromatic 
and aliphatic aromatic aldehydes and 100<*C to 185°C in case of aromatic 
aldehydes and heterocyclic aldehydes. 
One of the modification of the Rosenmund reduction consists of 
the use of the homogeneous hydrogenation catalyst, dihalobis (triphenyl 
phosphine) palladium (11)^ ®, which however was found effective in the 
preparation of aromatic aldehydes and not aliphatic aldehydes. 
The Rosenmund reduction is conducted by bubbling hydrogen 
through a hot solution of the acid chlorides suspended in the solvent 
alongLith the catalyst and the regulator. Yields obtained in this reaction 
vary on the average from 50 to 80 percent. The side reactions observed 
during this reduction are overreduction of aldehydes to alcohols or 
hydrocarbons and the formation of ester^anhydride. The obvious 
disadvantage of this method is the use of gaseous hydrogen and the 
attendant hazards. 
Several complex metal hydrides have also been used to reduce acid 
chlorides to aldehydes, lithium tri-t-butoxyaluminium hydride^ ^ being one 
of these. The reduction is canried out at 0°C and aldehydes are obtained 
in the yields varying from 36 to 85 percent. Sodium-tri-t-butoxyaluminium 
hydride has also been used as an altemative to this reagent^. The 
temperature required in this instance is much lower i.e. - 78°C but the 
yields reported are much higher, at 92 to 100 percent. 
Another complex hydride which serves the same purpose is tributyl 
tinhydride, Bu3SnH^ -^2^ . This reagent has been used alongwith palladium 
catalyst as welP^ '^ .^ The reduction is fairly rapid and can be carried out at 
room temperature using benzene, toluene, ether or tetrahydrofuran as 
solvent to give aldehydes in yields varying from 70 to 95 percent. Tributyl-
germanium hydride^ ^ has also been found to give aldehydes in yields 
ranging from 80 to 93 percent. However the reaction is conducted at the 
elevated temperature of 80 to 100°C. 
Several complex hydrides derived from boron have also been used 
to obtain aldehydes from acid chlorides. Thus reduction of acid chloride 
with sodium borohydride in presence of metallic ions like Li^, Mg^ ,^ Ar^ 
alongwith N.N-dimethyl formamide yielded aldehydes in relatively low yields 
of 24 to 50 percent^ -^ .^ Higher yields of aliphatic and aromatic aldehydes 
in the range of 80 to 95 percent were obtained by reducing the acid chloride 
in a mixture of dimethylformamide and tetrahydrofuran and quenching the 
reaction mixture in a mixture of propionic acid, dil. HCI and ethyl vinyl 
ether. The reaction requires the low temperature of - 70°C. Sodium 
borohydride in presence of pyridine and dimethylformamide at 0°C has 
also been found to effect this conversion, precluding the use of metallic 
ions^s. 
Borohydride complexed with copper tetrahydroborate/phosphine or 
phosphate ligands, in order to reduce its activity, has been reported to 
effect this reduction in yields ranging from 67 to 100 percent^ .^ 
Some reagents derived from silicon have also been used to convert 
acid chlorides to aldehydes. One such method was the extension of the 
observation that organosilane hydride in presence of a palladium catalyst 
cleaves carbon-halogen bond in halocarbons^. Application of this reagent 
to the reduction of acid chlorides to aldehydes was reported by the same 
group. 
Apart from complex hydrides, ligands obtained from diacetylmethane 
on treatment with certain metal ions together with triethyljsilane have 
been reported to cause the reduction of acid chlorides to aldehydes in 
yields ranging from 30 to 89 percent. Side products obtained during this 
reduction are EtgSiCI, RCO3 SiEtg, RCO^ CH^ R and RCOOH i^. 
Treatment of acid chlorides with Na2Fe(C0)/^ has also been 
reported to yield aldehydes in yields ranging from 65 to 95 percent. 
Hydridotetraferrate carbonyl anion has also been used to reduce acid 
chlorides to aldehydes in good yields in aprotic solvents .^ 
The brief survey given above describe methods employed for the 
conversion of acid chlorides to aldehydes, though by no means exhaustive. 
As has been already stated above the reagents employed for this conversion 
have to be mild to preclude the overreduction of aldehydes to alcohols. 
Procedurally this invariably causes difficulties and hence majority t^he 
above procedures involve the use of low temperature and stringent 
conditions. Further, these reagents, developed recently, are relatively rare 
and costly. Hence scope exists for the development of other reagents 
which do not suffer from above disadvantages and also are ecologically 
more favourable. 
With this object in view we had initiated some investigations in this 
laboratory and have recently reported our results ^ ^. We had approached 
this problem using an extremely mild reducing agent^ use of which does 
not require elevated or low temperature or anhydrous conditions. We had 
thus used formic acid as the reducing agent, which has been reported to 
be a very mild reducing agent. Though reports of it being used specifically 
as a reducing agent are sparse, it has been occasionally used as a hydride 
source^, and substrates reported to be reduced by formate/formic acid 
are pyridine^ ,^ Schiff's bases^ ®, enamlnes^^ and pyridinium salts^°. 
Additionally the Leukart*\ Wallach*^  and Eschweiler-Clark*^ reactions are 
name reactions in which formic acid/formates are involved In the reductive 
amination of carbonyl groups. The reducing character of formic acid can 
be traced to its bifunctional character, as It po^ssses dual characteristics 
of an aldehyde and an acid. 
The chlorine In the acid chloride is susceptible to nucleophilic 
substitution and It was assumed that If formic acid can act as a hydride 
donor, the acid chloride on treatment with formic acid can lead to formation 
of aldehyde according to the following equation. 
o o o 
II ! 
R-C-CI + H-C-OH ^ -C-H + CO2+HCI 
We had observed that whenacid chlorides were dissolved in 
chloroform and covered with a layer of ammonium hydroxide (25%) or 
sodium hydroxide (0.3 M) and formic acid added gradually to this mixture 
under an atmosphere of nitrogen aldehydes were formed in extremely 
good yields. A variety of acid chlorides viz; primary, secondary, tertiary, 
long chain aliphatic and a,|3-unsaturated could be converted into aldehyde; 
by this method. It was also observed that this reaction gave optimum yield 
at pH 9 to 10. The results obtained can be tabulated as below. (Table II). 
TABLE - II 
RCHO 
Reaction time Yield % 
C2H5 35-40 79 
n-CjH^ 25-30 90 
C,,H23 20-25 96 
C,,H3, 15-20 95 
C^jH^ 15-20 94 
Ph 30-35 79 
PhCHj 45-50 80 
CI-CH2 40-45 82 
CH3-CHCI 40-45 79 
CI3C 40-45 76 
A °^ C^ oH^ g 30-35 91 
A^ C^ H^gg 25-30 91 
(CH3)2C=CH 40-45 86 
R 
Ph-CH=CH 
Ph-C=C 
iso-C3H, 
(CH3)3C 
Reaction time 
40-45 
36-40 
20-25 
15-20 
Yield % 
90 
79 
86 
85 
This method circumvents to a large extent the drawbacks enumerated 
earlier regarding the available methods for the conversion of acid chlorides 
to aldehydes. Advantages of this method compared to earlier ones can be 
summarised as below: 
(a) this method of preparation of aldehydes from acid chlorides is viable 
and the yields of the aldehydes obtained are uniformly above 75%, 
(b) reagents required for this conversion are common)y accessible and 
are inexpensive, 
(c) reaction conditions are extremely simple and the exclusion 
of moisture or low or high temperatures are not required, as is the 
case with the other comparable methods, 
(d) time required for the reaction is small and uniformly less than an 
hour. 
(e) the aldehyde formed can be isolated easily by removal of organic 
layer i.e. chloroform or ether as the case may be, 
(f) this method is equally applicable to aromatic and aliphatic acid 
chlorides, 
(g) presence of unsaturation, whether isolated or located at a,|3-position 
of the substrate, does not hamper this reaction and the conresponding 
unsaturated aldehydes are obtained in good yields, 
(h) halogen containing acid chlorides undergo reduction to the 
corresponding aldehydes in a facile manner, 
(i) primary, secondary and tertiary acid chlorides undergo easy 
reduction to the corresponding aldehydes and the order of reactivity 
is tertiary > secondary > primary, 
0) in the fatty acid series, the higher fatty acid chlorides are more 
reactive than the lower members, 
This method, hence, can develop into a general method of 
preparation of aldehydes. Additionally this process holds the promise of 
being scaled up as an industrial method. 
The method described above is succ^sful by all means but we wished 
to enlarge the scope of this reaction by modifying this process due to the 
following reasons. 
As described above the reaction is conducted best at the pH of 9 to 
10 which is maintained by using a suitable concentration of either 
ammonium hydroxide or sodium hydroxide. The reaction is thus conducted 
under basic conditions. As our initial objective was the preparation of 
aldehydes the presence of base was immaterial, except in the case of 
halogen containing and a.p-unsaturated acid chlorides* But in case of 
substrates carrying base sensitive functions application of this method 
would require the use of neutral conditions. 
The extension of this method to reduce other easily reducible 
functional groups could be examined by conducting the reaction in two 
ways, by conducting the reaction as described above, under basic 
conditions, or alternatively under neutral conditions. The following 
investigations were therefore taken up with the latter object in view. 
We postulated the use of a polymer supported system to introduce 
the formate into the reaction mixture. This could be done easily by using 
an ion exchange resin. An anion exchange resin commercially available 
in the chloride form can be easily converted into the formate form by 
treatment with formic acid or sodium formate. 
We prepared such an anion exchange resin in the formate form 
and used it to prepare all the aldehydes prepared by the method described 
above. 
The procedure used for the preparation of the anion exchange in 
the form of formate was as follows : The anion exchanger [Ceralite ir a 
400,(Central Drug House Laboratories, India) 20-50 mesh] in the form of 
14 
Chloride was swelled in distilled water for 24 hours and the resin was 
taken in a column and 140 ml of a solution of sodium formate (2N) passed 
slowly through it. After this process the column was washed with distilled 
water till the eluate was totally free of chloride ions as evidenced by testing 
with silver nitrate solution. The resin was then dried. The material thus 
obtained was used for the preparation of aldehydes. 
The general procedure used in the preparation of aldehydes 
consisted of treating the acid chloride in chloroform followed by the 
addition of appropriate quantity of the anion exchanger prepared as above 
and stirring this mixture. Carbon dioxide was found to evolve during stirring 
and the stirring was continued for another 5 minutes after the evolution of 
carbonliioxide had subsided. The resin was then filtered and the chlorofomi t 
removed from the filtrate by distillation to yield the aldehyde. The reaction 
was conducted in an atmosphere of nitrogen to prevent the aerial oxidation 
of the aldehyde formed. The following aldehydes were prepared by using 
this method. 
Benzaidehvde: 
It was thought better to check the success of this method first by 
preparing benzaldehyde as it would have been convenient to detect the 
formation of benzaldehyde by its sharp and characteristic smell. 
Chloroform (25 ml) was taken in a round bottomed flask and deoxygenated 
15 
by passing a thin stream of nitrogen through it. Benzoyl chloride (3gm) 
was added to the chloroform followed by the ion exchanger (24gm) and 
the mixture stirred, using a magnetic stirrer, for 55 minutes. Isolation of 
the filtrate followed by removal of chloroform yielded benzaldehyde (1.69 
gm) amounting to an yield 74.8%. That the product isolated was 
benzaldehyde was suggested by its characteristic smell. When tested 
with Tollens' reagent it gave a silver miror and with Benedict's solution a 
green precipitate. As reported, it tested negative with Fehling's reagent. 
The presence of an aldehyde function having been chemically 
confirmed, the homogenity of this liquid was tested by GLC using a glass 
column of carbowax-200 C maintaining the oven temperature at 150°C. 
The retention time of benzaldehyde was observed to be 4 minutes by 
checking with a standard sample of benzaldehyde (BDH). The isolated 
product also was found to have the retention time of 4 minutes under 
these conditions. The identity was further confirmed by running a mixture 
of standard benzaldehyde and the product, under which condition also 
the retention time was observed to be 4 minutes, with no distortion in the 
single peak. 
Though the identity of the product was confirmed by GLC it was 
thought prudent to confirm the identity by derivatisation also. Thus the 
product was found to form a 2,4-dinitrophenylhydrazone mp. 230-32°C 
which tallied with the literature value of 237'»C^ 2,'i3 j^ glso formed a 
16 
phenylhydrazone mp. 158-60*»C comparable to the reported value of 
158*C*2**. The refractive index of the isolated liquid determined as 1.530, 
was also very close to the reported value of 1.5456*2* .^ 
The identity of the product was also confirmed spectroscopically. 
Examination of the IR Spectra of benzoic acid, benzoyl chloride and 
benzaldehyde provided proof to the identification of the product as 
benzaldehyde. In the carbonyl region, the acid absorbed at 1710 cm'\ 
the chloride at 1780 cm-^  and the product at 1705cm-^ . Further there was 
no absorption in the hydroxyl region in the cases of both benzoyl chloride 
and the isolate. 
The final proof the identity of the product was obtained from its 
NMR SpectroMdetermined in CDCI3, the deshielded aldehydic proton 
appearing as a singlet at 5 9.95 integrating for one proton and the aromatic 
protons at 57.75 as a 2H-multiplet and at 5 7.5 as a 3H-multiplet which 
was in total agr^nent with the published spectra of benzaldehyde^. 
C,H,-CHO 
(I) 
While it was evident from the above that this method is successful in the 
conversion of benzoyl chloride to benzaldehyde another point which remairvlo 
be examined was the likelihood of recycling of the ion exchange resin. 
17 
Therefore the solid residue obtained after the first run was treated with 
sodium formate to obtain the Ion exchanger In the formate form again. 
The reaction was then conducted using this regenerated resin. The yield 
of the product obtained was comparable with that obtained In the first run. 
This process was successfully repeated six times without the efficacy of 
the resin being diminished. 
Propionaldehvde: 
This method having been found successful in the conversion of 
benzoyl chloride to benzaldehyde, the simplest aromatic aldehyde, the 
next step was to check the applicability of this process for the preparation 
of aliphatic aldehydes. The possible preparation of acetaldehyde was 
skipped anticipating the difficulty in its isolation by evaporation of 
chloroform due to the very low boiling point of acetaldehyde. Therefore, 
preparation of next higher homologue propionaldehyde was attempted. 
Benzaldehyde was prepared by using benzoyl chloride, a readily 
accessible reagent. In case of the preparation of propionaldehyde the 
propionyl chloride was prepared in the laboratory by treating propionic 
acid with thionyl chloride. The chloride (3gm) thus obtained was dissolved 
in chlorofomri (25 ml) and treated with the fonnate resin (24 gm) under an 
atmosphere of nitrogen. The evolution of carbon dioxide ceased after 
stirring for 55 minutes. The stirring was continued further for 5 minutes. 
the resin filtered off and chloroform removed from filtrate to yield a liquid. 
The liquid absorbed in the IR at 1710 cm'^  in the carbonyl region whereas 
propionic acid and its chloride absorbed at 1720 cm*^  and 1800 cm-^  
respectively. It gave positive reactions with both Tollens' and Fehling's 
reagents, it also yielded a 2,4-dinitrophenylhydrazone mp. 151-53°C 
comparable to the value of 155^0 reported for propionaldehyde 2,4-
dinitrophenylhdrazone in the literature^2.43 Qn GLC examination of the 
liquid, maintaining the oven temperature at 180°C and using a column of 
carbowax 200-C, the liquid was found to be homogeneous by the 
appearance of a sharp peak with the retention time of 1.8 minutes. The 
refractive index of this liquid was found to be 1.377 against the reported 
value of 1.3636*2*3 J^Q ijqujjj ^ ^ug ^gg identified as propionaldehyde (II) 
which was found be formed in a yield of 74.6%. 
CH3CH2CHO 
(II) 
Butv^raldehvde: 
After having converted propionyl chloride into propionaldehyde 
successfully it was thought desirable to attempt the preparation of 
butyraldehyde, which Is slightly more sterically hindered. Butyryl chloride 
was prepared employing the standard procedure of the treatmen^jbutyric 
add with thionyl chloride. The butyryl chloride thus prepared (3gm) was 
taken in chloroform (25ml) and the formate resin (24gm) added to it and 
the mixture stirred for 55 minutes under an atmosphere of nitrogen. Removal 
of chloroform after filtering the reaction mixture yielded a liquid which 
gave positive reactions with Toltens' and Fehling's reagents. On GLC 
examination It was found to have a retention time 6.12 minutes and to be 
homogeneous. It was identified as butyraldehyde (III) by the formation of 
the 2,4-dinitrophenylhydrazone mp.117-20*'C comparable with the reported 
value of 123°C*2« and a refractive index of 1.396 vide the reported 
value of 1.379^^  '*^ . Butyraldehyde was obtained in a ^ yield of 80%. 
CH3CH2CH2CHO 
(III) 
Phenvlacetaldehvde: 
Phenyla^aldehyde which carries a more bulky substituent on the 
a-carbon than butyraldehyde was the next aldehyde to be prepared. 
Phenylacetyl chloride was obtained by reacting phenylacetic acid with 
thionyl choride under the catalytic influence of dimethylformamide. The 
chloride (3gm) was treated with formate resin (24gm) in chloroform (25 
ml) under nitrogen atmosphere, stirring being continued for 5 minutes 
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after the evolution of carbon dioxide ceased i.e. 60 minutes in total. The 
aldehyde isolated by removal of solvent tested positively to Tollens'. 
Fehling's and Benedict's reagents. It was found to have a refractive index 
of 1.530 against the value of 1.5255*2 *3 reported for phenylacetalSdehyde. 
The 2,4-dlnitrophenylhydrazone of the isolate, m.p. 122-24*'C also 
compared favourably with reported values of 126*>C*2<3 for the 2,4-
dinitrophenylhydrazone of phenylacetaldehyde leading to its identification 
as phenylacetaldehyde. The GLC examination showed it to have a retention 
time of 3.68 minutes. The liquid was thus identified aS 
phenylacetaldehyde (IV). The aldehyde was obtained in a yield of 74.8%. 
CgHg-CHj-CHO 
(IV) 
Isobutvraldehvde: 
Successful conversion of chlorides derived from aromatic and 
primary acids having been achieved as described above, it was decided 
to examine the feasibility of converting a secondary acid through ^/ its 
ftan 
Chloride into^aldehyde-. Isobutyrylchloride was prepared by treatment of 
isobutyric acid with thionyl chloride in the absence of any solvent. The 
add chloride (3gm) was treated with the formate resin (24 gm) in 
chloroform (25 ml) and the mixture stirred for 50 minutes. The isolated 
liquid gave positive tests v\/ith aldehydic reagents and was also found to 
be homogeneous on GLC examination with a retention time of 4.72 minutes. 
The identity of the isolate as Isobutyraldehyde (V) was established by 
determination of the refractive index of 1.398 for It against the reported 
value of 1.373^ 2,^ 3. It also formed a 2,4-dinitrophenylhydrazone m.p. 
CH3 
I 
CH3-CH-CHO 
(V) 
184-186''C which tallied with the reported value of 187»C^2,'.3 
Isobutyraldehyde was obtained in a yield of 80%. 
Pivalaldehvde: 
After having successfully prepared an aldehyde starting with a 
secondary acid chloride the logical extension of this investigation was to 
apply this method to the chloride of a tertiary acid. Accordingly pivaloyi 
chloride (E.Merck), obtained from the market, was treated with the resin 
as ^ - ^ "r described earlier. The reaction in this case was observed to 
be completed in a relatively short period of 40 minutes. Work up of the 
reaction mixture yielded a liquid which tested positive to tollens', Fehling's 
and Benedict's reagent. The aldehyde so obtained was identified as 
")') 
plvalaldehyde (VI) on basis of its refractive index of 1.398 against the 
reported value of 1.379*2'•a. Further the observed m.p. of the 2,4-
dlnitrophenylhydrazone i.e. 206-208°C also tallied v\^ ith the reported value 
of 209°C*2'•a. It was formed in a yield of 83.2%. 
CH, 
I 
CH3-C-CHO 
CH3 
(VI) 
Monochloroacetaldehvde: 
It was likely that substituents present in the substrate can interfere 
in this reaction and It was thought desirable therefore, to check whether 
halogen if present in the substrate can alter the course of this reaction or 
not. Hence the chloride of monochloroacetic acid, prepared by its treatment 
with thionyl chloride, was subjected to treatment under similar conditions. 
The acid chloride (3 gm) in chloroform (25 ml) was treated with formate 
resin (24 gm) under an atmosphere of nitrogen. The reaction was observed 
to be completed in 45 minutes. The isolated liquid was found to be an 
aldehyde on the basis of positive reactions towards common aldehydic 
reagents. GLC examination indicated it to be homogeneous with its peak 
appearing with the retention time of 4.2 minutes. Identity of this aldehyde 
was established as monochloroacetaldehyde (VII) on the basis of its 
refractive index of 1.420 against the reported value of 1.403^ 2,43 ^ giso 
formed a 2,4-dinltrophenylhydrazone nfi.p. 110-12°C. The aldehyde was 
obtained in a f yield of 73.3%. 
CI-CHj-CHO 
(VII) 
2-Chloropropionaldehvde: 
Extending this approach of verifying the possible deiiterious action 
of halogen present on the substrate in this reaction, the study was extended 
to 2-chloropropionic acid. The chloride prepared from this acid was 
reduced with formate resin using the general method described earlier. 
Recovery of chloroform from filtrate gave a liquid found to be an aldehyde 
on testing with Tollens'i and Fehling's reagent. It was also found to be 
homogeneous on GLC examination, with a sharp peak appearing with the 
retention time of 6.8 minutes. The identity of this aldehyde was established 
as 2-chloropropionaldehyde (VIII) on the basis of its refractive index 1.461 
(1.431)^ 2,^ 3 and the formation of a 2,4-dinitrophenylhydrazone, m.p. 
ISQ^C. It was formed in a yield of 73.2%. 
:-i 
CI 
CH3-CH-CHO 
(VIII) 
Lauraldehvde: 
All the aldehydes prepared above were of relatively low molecular 
weights and it was decided to examine the feasibility of preparing aldehydes 
of high molecular weights by using this method. Laurie acid was the first 
of this series examined. The chloride of tauric acid was prepared by 
refiuxing a mixture of thionyi chloride and iauric acid in the benzene for 6 
hours. Evaporation of the solvent yielded Iauric acid chloride which was 
dissolved in chloroform and treated with the resin under nitrogen. The 
reaction was quite rapid, in this case requiring only 45 minutes. The 
isolated semisolid mass responded positively to aldehydic reagents. The 
product formed a 2,4-dinitrophenylhydrazone m.p. 102-104°C which 
compared favaroubly with the 2,4-dinitrophenyl hydrazone of lauraldehyde 
m.p. 106''C*2'*^ leading to the identification of the product as a 
lauraldehyde (IX). Lauraldehyde was obtained in e yield of 88%. 
CH3(CH,),,CH0 
(IX) 
Palmitaldehvde: 
The next higher fatty acid examined was palmitic acid. Formation 
of the chloride of palmitic acid was a sluggish process and required the 
treatment of palmitic add with thionyl chloride in refluxing benzene. The 
prepared acid chloride (3gm) on treatment with the resin (24gm) in 
chloroform (25ml) yielded a product in 45 minutes. The isolated product 
which tested positive for an aldehyde function was identified as 
palmitaldehyde (X) on the basis of formation of a 2,4-
dinitrophenyhydrazone m.p. 102-104°C against the reported value of 105-
107*>C*2.'*3. The aldehyde was formed in a yield of 88.5%. 
CH3(CH,),,CH0 
(X) 
Stearaldehvde: 
The chloride of stearic acid was prepared by refluxing stearic acid 
and thionyl chloride in benzene for 6 hours. The acid chloride (3gm) in 
chloroform (25ml) was treated with resin (24gm) for 45 minutes. Work up 
of the reaction mixture gave a waxy solid which tested positive for the 
presence of an aldehydic function. It melted at 56°C against the reported 
m.p. of stearaldehyde 55'*C^ 2,43 ^ also formed a 2,4-dinitrophenyl-
hydrazone m.p. 123-25°C. On TLC examination it gave a single spot. The 
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above evidence let to its identification as stearaldehyde (XI). It was fonmed 
inai yield of 88.1%. 
CH3(CH,),,CH0 
(XI) 
Olealdehvde: 
All the aldehyde whose preparations are described above are 
saturated in character and it was of interest to examine the possible 
interference of isolated double bonds in this reaction. The chloride of 
oleic acid was therefore prepared in the same manner used for the 
preparation of other long chain fatty acids. The acid chloride thus obtained 
was treated with the resin in a similar manner as described earlier. The 
reaction took 45 minutes for completion. The product, isolated by the 
removal of chloroform was found to be an aldehyde on testing with Tollens' 
and Fehling's reagents. It was identified as olealdehyde (XII) on the basis 
of its refractive index of 1.520 against the reported value of 1.558*2^ 3 gnd 
the formation of a 2,4-dinitrophenylhydrazone m.p. 65-66°C against the 
reported value of 67-68°C*2^3. The aldehyde was obtained in a yield of 
85.3%. 
CH3 (CH^), CH=CH(CH2)^ CHO 
(XII) 
-17 
10-Undecenaldehvde: 
The chloride of this acid was prepared again by applying the same 
procedure of refluxing the acid with thionyl chloride in benzene for 6 
hours. The acid chloride was treated with the resin as described earlier 
and the reaction took 45 minutes for completion. The isolated product 
was identified as 10-undecenaldehyde (XIII) on the basis of its refractive 
index of 1.477 against the reported value of 1A27*^*^. It also formed a 
2,4-dinitrophenylhydra2one m.p. 130-32°C. The yield in which the aldehyde 
was formed was 85.5%. 
CH2 = CH (CH2)3 CHO 
(XIII) 
Cinnamaldehvde: 
It was also of Interest to examine whether substrates carrying double 
bonds conjugated with the acid function also can undergo this reaction. 
Accordingly the preparation of cinnamaldehyde was attempted. CinnamoyI 
chloride was prepared by heating the acid with thionyl chloride alongwith 
catalytic quantity of dimethylformamide in chloroform. The add chloride 
(3 gm) and the formate resin (24 gm) were stirred in chloroform (25 ml) 
for 50 minutes. The product was isolated in the usual manner to yield a 
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liquid with a characteristic smell which was found on GLC examination to 
be homogeneous with the retention time of 2.95 minutes. It fonned a 2,4-
dinitrophenylhydrazone m.p. 198-200*^^ and was found to have refractive 
index of 1.616 against the reported value of 200-202°C and 1.619 
respectively reported for cinnamaldehyde^^-^^ leading to its identification 
as cinnamaldehyde (XIV). It was obtained in a yield of 72.9%. 
CgHg CH = CH CHO 
(XIV) 
3.3-Dimethvlaci^.l^ehvde: 
The chloride of this acid was prepared by heating a solution of this 
acid In benzene with thionyl chloride. The acid chloride prepared thus 
(3gm) was treated with the resin (24 gm) in chloroform (25 ml) in an 
atmosphere of nitrogen. The total time required for the reaction to be 
completed was 50 minutes. The isolated product was found to be an 
aldehyde on checking with Tollens', Fehling's and Benedict's reagent. 
The GLC examination of this aldehyde in which the retention time was 
detected to be 2.2 minutes also confirmed its homogenity. Its identity as 
3,3-dimethylacraldehyde (XV) was established by the determination of its 
refractive index as 1.456 against the reported value 1.458^^ "*^ . It also 
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formed 2,4-dinltrophenylhyclrazone m.p. 158-60°C. The aldehyde was 
obtained in a yield of 77.4%. 
CH, 
H3C C=CH CHO 
(XV) 
Phenvlpropiolaldehvde 
While aldehydes in which the double bond is conjugated with the 
aldehydic function could be prepared smoothly as described above, it 
was also of interest to examine, whether aldehyde in which a triple bond 
is conjugated with the aldehydescan also be prepared by this method or 
not. The chloride of phenyl propiolic acid was therefore prepared by 
treating the acid in refluxing benzene with thionyl chloride. The solution 
of this chloride (3 gm) in chloroform (25 ml) was treated with the resin 
under an atmosphere of nitrogen for 50 minutes, by which time the reaction 
was found to be complete. The liquid obtained on work up of the reaction 
mixture, on the basis of its positive reactions towards Tollens', Fehling's 
and Benedict's reagents was found to be an aldehyde, it was identified as 
phenylpropiolaldehyde (XVI) on the basis of its refractive index determined 
as 1.610 against the reported value of 1.6079*2.^ 3 i^  also formed a 2,4-
30 
dlnitrophenylhydrazone m.p. 184-86°C. In this case the yield of the product 
was found to be 75.9%. 
CeHgCsCCHO 
(XVI) 
Results of the experiments described above are summarised in the 
following table (Table III). 
Immobilisation of the reagent on polymer support has the following 
advantages: 
(a) The reaction can be carried out in the absence of ions. 
(b) Solubility of the reagent ceases to be a parameter as the reaction 
is heterogeneous in character, and a wider choice of solvent is 
thus available. 
(c) Work up of the reaction mixture is extremely easy as the only 
procedure involved is the filtration of the resin and removal of the 
solvent. 
(d) The reaction is neat, leaving only the product in solution in a pure 
fomri totally free of any ionic contamination. 
(e) Such reactions are ecologically favourable as environmental pollution 
is considerably reduced. 
(f) The polymer support can be recovered and recycled. 
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(g) The ion exchangers are commercially available and are relatively 
cheap. 
In the begining of this chapter different methods available for the 
conversion of acid chlorides into aldehydes have been briefly described. 
In comparison to the above methods, excepting the Rosenmund reaction, 
the reagents used are costly and the reaction conditions extremely 
stringent, especially with regard to the reaction temperature and exclusion 
of moisture. In the Rosenmund reduction, the use of gaseous hydrogen is 
a potential hazard. The method being reported avoids all the disadvantages 
listed above. Additionally: 
(i) The time requirement for this reaction is extremely small, uniformly 
one hour or less. 
(II) A wide choice of solvent is available to conduct the reaction, though 
in this instance only chloroform has been used, 
(iii) The reagents sodium formate and the ion exchanger are extremely 
cheap, 
(iv) The product can be isolated very easily by filtration and evaporation 
of chloroform, 
(v) The product is obtained in pure form and in none of the preparations 
listed above purification of the aldehydes was necessary, 
(vi) Good yields have been recorded in all the cases. 
32 
(vii) This method is applicable for the reduction of primary, secondary 
and tertiary aliphatic acid chlorides and also chlorides of higher 
fatty acids, aromatic acid, halogen containing and a,p-unsaturated 
acids. 
Mode of Reaction: 
The idea behind method of the conversion of acid chlorides into 
aldehydes arose out of the hypothetical cyclic transition state (XVII) which 
is likely when an acid halide reacts with formic acid. 
R - C ^ - ^ + C O - »R-C + C02+HCI 
I 
H 
(XVII) 
Such a cyclic transition state (XVIII) has been reported in the 
formation of ketones in the reaction between an acid chloride and a 
Grignard reagent in presence of cuprous chloride* .^ 
33 
O 
\ 
/ . : 
R2: Cu-X 
C l -
W-C 
• R 2 - -
(XVIII) 
+5 
V 
X 
--Cu'' 
Though not exactly analogous the reduction of carbonyl compounds by 
the Meerv^n-Ponndorf-Verley reduction has also been postulated to take 
place through a cyclic transition state (XIX)*®. 
O 
R,-C " Al (O PrI), 
(XIX) 
However an opinion persists that concerted displacement at sp^  
centres are not usually valid* .^ If this opinion is taken to be correct, one 
of the alternatives shall be as below, though in this case the competitive 
34 
reaction involving the nucleophilic attack by the acid anion on the carbonyl 
carbon should be accompanied with the formation of some quantity of the 
anhydride. 
o o o 
W ^ W jr^ II 
R-C -XI + H r C - 0- »R-C-H + C0,+ Cl-
Another pathway could involve a tetrahedral mechanism^ which in 
this Instance can be interpreted as below, involving addition of the hydride 
and the departure of the haiide. 
H 
I 
> R-C-CI 
I 
o-
H H 
\ ^ I 
R-C-CI >R-C + CI-
o-
II 
o 
Whatever may be the actual path through which this reaction proceeds, 
the decomposition of the fonnate has to result in the liberation of CO2. The 
identity of the liberated gas as COj was confirmed through GLC by comparision 
with standard sample. 
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In the regeneration of used resin by its treatment with sodium fonnate 
chloride was detected in the eiuate indicating suggesting that the chlorine expelled 
from the acid chloride is attached to the resin during the course of the reaction. 
The above evidence, though insufficient to chart the path of reaction, 
k however goes to prove that (a) the fonnate is decomposed to give risepo^ and 
(b) the chloride from the acid chloride is expelled as chloride, partially validating 
the logic on which this process is based; thatfomiic add can be used as reducing 
s 
agent in the conversion of acid chloride,to aldehydes-
Chemical Examination 
oF CMionIa 
dIuerslPolla 
CHEMICAL EXAMINATION OF 
TITHONIA DIVERSIFOLIA 
Tithonia diversifolia belongs to the Compositae family. T. diverslfolia 
A.Greveniovs the medicinal reputation of being a remedy for malaria and 
in the treatment of sores in the indigeneous system of medicine in Mexico.^ 
Tithonia diversifolia was collected from Forest Research Institute 
Dehradun. Since the plant is rare, only a small amount of the plant was 
provided by the F.R.I, authorities. Tithonia species are well-known 
depositories of sesquiterpene lactones and fiavonoids^ ^^^^ some species 
of Tithonia have also been reported to have antileukemic^^ '^' and other 
biological activities .^ 
Earlier investigations on Tithonia diversifolia have reported the 
presence of five sesquiterpene lactones, tigitinins^^i A(XX) , C(XXI ) , 
E(XXII), F(XXIII), tirotundin^ (XXIV). the flavone hispidulin^^ (XXV) and 
a new hemiacetaiic heliangolide. diversifoline (XXVI). 
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(XX) 
(XXII) 
R = i - Bu, H-SJC 
(XXI) 
R= i -Bu 
( X X I I I ) 
(XXIV) (XXV) 
3S 
(XXVI) 
The collected material was identified at the Botany department of 
this university. The stem wood of the plant "Tithonia diverslfolia" (1kg) 
was cut into small pieces and extracted with ethanol at room temperature 
and the solvent removed in vacCuo. The concentrated extract was refluxed 
with petroleum ether, benzene, chloroform, ethyl acetate and methanol 
successively. All the fractions were concentrated separately. On TLC 
examination, the petroleum ether extract was found to be a mixture of 
three compounds. Two of these fluoresced under U.V. light while the other 
did not. The extract after removal of the solvent was subjected to column 
chromatography over silica gel which enabled us to separate and isolate 
the two fluorescent components. On crystallisation from petroleum ether 
and acetone they melted at 146»C (TD-1) and 141°C (TD-2). 
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"TD-2", m.p. ^AVC was obtained as a colourless crystalline product 
and on TLC examination it was found to be homogeneous and to fluoresce 
under U.V. light. In the mass spectrum, the M+ appeared at m/z 218, 
suggesting among others, the molecular formula to be C^ jH^ ^Og. In the 
U.V. Spectrum a maximu^ppeared at 246 nm; characteristic of aromatic 
compounds. In the IR spectr^Fig. 1) of "TD-2" prominent bands were 
apparent at 3250 and 1660 cm'^  indicating the presence of hydroxyl and 
carbonyl functions. Other tentatively assignable bands appearing at 1600 
and 1485 cm'^  are indicative of aromatic skeletal vibrations, while bands 
appearing at 1270, 1125 and 880 cm*^  are attributable to a vinyl ether 
function. Two bands appearing at 1385 and 1370 cm*^  should arise out 
of a gem-dimethyl function. That the aryl group is tetrasubstituted is 
suggested by a fairly strong peak at 870 cm ^ 
The H^MR spectrum (Fig. 2) carried a pair of doublets at 5 5.68 and 
6.37 (1H each) and a 6H singlet at 51.46 altogether indicating the presence 
of a 2,2-dimethyl chromene system^^ . Additionally a 3H singlet appearing 
at 5 2.50 can be assigned to an acetyl methyl group. Further, 2 meta 
coupled protons at 8 7.28 and 7.45 (1H each, J=2 Hz) validated the 
conclusions derived from the IR spectrum. 
In the ^^ CMR (Fig. 3) of "TD-2" altogether 12 signals were present 
out of which the signal appearing at 6 28.33 can be attributed to two 
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methyl carbons in line with the presence of a 2,2-dimethyl chromene 
system. A carbonyl carbon appearing at 8196.9 could correspond to the 
o 
presence of Ar-C-CHg function, when taken together with a methyl carbon 
appearing at 526.30. In order to classify rest of the signals and to assign 
all the 12 signals in the ^^ CMR spectrum (Fig. 3) further investigation 
was found to be necessary. 
In this context it was primarily necessary to classify the nature of 
carbons as primary, secondary etc. This was achieved by determination 
of the ^^ CMR spectrum in the DEPT mode (Distortionless enhancement 
by polarisation transfer). The results thus achieved were as follows : 
With e = 45°(Fig. 4 ) : When the spectrum was determined in the DEPT 
mode with 6 = 45*>all the hydrogen carrying carbons gave rise to signals 
in the positive phase, out of the original 12 signals 6 were found to originate 
from hydrogen bearing carbons appearing at 526.30,28.33,115.4,118.8, 
121.69 and 131.0, which includes the signal at 5 28.33 representing two 
methyl carbons. Therefore, In all there are seven protonated carbons in 
the molecule. Comparing this spectrum with the original ^^ CMR spectrum 
(Fig. 3) it could also be infejed that "TD-2" carried 5 quaternary carbons 
which resonated at 678.6, 120.5,130.5, 143.8 and 144.2, in addition to 
the non - hydrogen bearing carbonyl carbon appearing at 196.9, thus 
accounting for all the carbons registered In the ^^ CMR spectrum (Fig. 3). 
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With 0 = 90°(Fig. 4): It was further necessary to classify the protonated 
carbons and hence the spectrum was recorded under the DEPT mode 
with 9 = 90°. Under this condition carbons carrying only one hydrogen 
are registered and four signals appeared at 115.4, 118.8, 121.69 and 
131.0 when this spectrum was recorded. "TD-2" hence carries 4 carbons 
which are singly protonated. Out of these the two signals appearing at 5 
115.4 and 131.0 can be attributed to the C-4 and C-3 of the chromene 
ring respectively.^ 
The evidence cited reinforced the conclusions arrived at on the 
basis of the IR, MS and ^HMR spectral studies. "10-2" therefore is a 2,2-
dlmethylbenzopyran carrying hydroxyl and acetyl functions located at meta 
positions. The spectral features thus can fit for the chromenes (XXVII, 
XXVIII, XXIX & XXXX). As it was not possible to rule out any of these on 
the basis of evidence cited or biogenetic considerations, further 
investigation was called for. 
H-aC C 
(XXVII) (xxvm) 
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H3C. 
The H^MR spectrum (500 MHz) (Fig. 2) indicated that no long range 
coupling existed between any of the chromenic and aryl protons^ .^ Hence 
the 8 position in "10-2" is substituted. The two meta coupled aryl protons 
appeared at the relatively deshielded values of at 5 7.28 and 7.45, in 
spite of the fact that the aryl ring carries two oxygens indicating that both 
these protons flank the acetyl function. This helps to locate the hydroxyl 
group on the position 8. Further the ^HMR data reported earlier for 
acetovanillochromene^° (XXXI), and "TD-2" bear an extra2ordinary 
resemblance to one another, (Table IV). 
OMe 
°>C 
(XXXI) 
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TABLE - IV 
Acetovaniilochromene TD-2 
MeX2 1.51 1.46 
CH3-C 2.54 2.50 
3 5.68 5.68d,J=9.9Hz 
4 6.37 6.37(i,J=9.9Hz 
5 7.28 7.28d,J=2.0Hz 
7 7.45 7.45d,J=2.0Hz 
OMe 3.92 
Of the four possible structures which have been dileneated for "TD-
2" (XXVII. XXVIII, XXIX and XXXX) the structure which now evolves for 
it, on the basis of the evidence presented above, is (XXVII) which hence 
is demethylacetovanillochromene. Calculation of the ^ c^ chemical shift of 
the aryl carbons on the basis of shielding constants^ ^ also bear out this 
structure (Table V). The mass spectral fragmentation (vide experimental) 
also support this formulation. 
• f 
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Carbon Calculated values 
(Aryl Carbons) 
Observed values 
(Aryl Carbons) 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
120.1 
131.0 
115.9 
140.4 
149.2 
124.7 
121.7 
130.5 
118.8 
144.2 
143.8 
120.5 
Thus "TD-2" is 2,2-dimethylbenzopyran [2,2-dimethyl-2H(1-hydroxy-
<XXVII). 
(XXVII) 
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CHEAAICAL EXAMINATION OF 
ARTEMISIA SIEVERSIANA 
Artemisia is a well populated genus which belongs to the Compositae 
family. It consists of nearly 300 species found predominantly in the 
northern temperate region^^  out of these about 34 species have been 
reported to occur in the temperate region of North - Western Himalyas® .^ 
Artemisia sieversiana is used as an antimalarial drug in the Unani 
system of medicine. Chinese chemists have reported a modified 
cadimanolide, quing hau sau (XXXII) from Artemisia annua which carries 
a peroxide function to be an antimalarial, particularly effective against 
resistant type of Plasmodium falciparum". 
5S 
In view of the above we took up the chemical investigation of this 
plant. The genus Artemisia is a rich depository of sesquiterpene lactones. 
Earlier the following have been reported to be isolated from A. sieversiana, 
artabsin (XXXIII), absinthin (XXXIV), sieversinin (XXXV), sieversin 
(XXXVI), globlcin(XXXVII)65-69,iignans7o \^ a germacranolide 
(XXXVIII) guaianolides (IXL, XL, XLI) and three dimeric guaianolides 
(XLIII, XLIV, XLV)^ 2 Thjs genus ha| also yielded five guaianolide dimers, 
absinthin (XXXIV), anabsinthin^^ (XLII) and three others closely related 
to absinthin (XLIII, XLIV, XLV). 
.OH 
(XXXIV) 
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(XXXV) 
OAC 
O 
(XXXVII) 
OAc 
HO 
OH 
(XXXVIII) 
( IXL) 
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(XLII) 
XLIII 
XLIV 
XLV 
R 
Me 
OH 
OH 
R^ 
OH 
Me 
Me 
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< H 
M 
PH 
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^H 
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The aerial parts of A. sieversiana wc« secured from the 
pharmaceutical division of the Unani faculty of the university and^was 
identified at the Botany department of this university. The plant material 
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(2kg) was cut into small pieces and extracted with petroleum ether. The 
solvent was removed by distillation to yield a powdery residue. 
The isolated solid was chromatographed on silica gel. Elution of 
the column with benzene yielded a solid which was crystallised from 
benzene/petroleum ether to yield a crystalline material m.p. 165-68°C. It 
was coded as "AS-I". 1t gave a dark greenish colour with FeCl3, a positive 
Shinoda test on treatment with magnesium & HCI and also a red colour 
with zinc & HCI. It thus appeared to be a flavone. In the IR "AS-1" absorbed 
strongly at 1580cm-^  in addition to a broad peak between 1630-1660cm-^  
suggesting the presence of a strongly chelated carbonyl function, support 
for which was available by a very broad band In the hydroxyl region. In 
the NMR Spectt^ '^ of "AS-r in CDCI3. 3-Signals at 53.95, 3.90 and 3.85 
indicated the presence of five methoxy groups. Additionally four signals 
corresponding to four hydrogens were apparent in the spectrum, one of 
which appeared as a neat singlet at § 6.45. Of the rest of the signals one 
appeared at 5 6.95 as an ortho and meta coupled doublet of doublets. 
Another meta coupled signal appeared at 5 7.15 almost overlapping the 
signal at 56.95. "AS-I" thus could be identified as artemitin (5-hydroxy-
3,6,7,3,4-pentamethoxy flavone, (XLVI). Artemitin has been isolated from 
other Artemisia species^ ^^ ^ as well and can be considered to be a marker 
for Artemisia species. 
0.1 
C H 3 0 
CH3P 
(XLVI) 
Another solid m.p. 282''C was obtained on further elution of the 
column with 5% ethyl acetate In benzene. This solid was extremely bitter 
to taste and apparently homogeneous on TLC examination. The IR spectrum 
of this compound had two different peaks at 3600 and 3350 cm*^  in the 
hydroxyl region and a very intense and broad peak at 1730-1760 cm-^  in 
thecarbonyl region. 
In the ^HMR (Fig. 5) and ^^ CMR (Fig.6). spectra of this compound, 
majority of the signals were accompanied by satellite signals which 
suggested this product to be a mixture, one component of which was 
present in larger quantity. Homogenity having thus been called into 
question, a more intensive TLC examination of this compound was 
undertaken. These studies confirmed this doubt as two closely spaced 
spots appeared on the TLC plate. 
One of these two compounds which was present in major quantity 
was isolated by VLC^^  through a plug of Si gel (sintered glass funnel). A 
100ml sintered glass funnel was packed with one half of silica gel and 
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eluted with benzene; ethyl acetate in ratios ranging from 90:10 to 80:20. 
The eluate was obtained by applying vaccum to a filt ration flask attached 
to the sintered funnel. The pure product was obtained from the eluates in 
the ratio of 88:12, 86:14 and 84:16. The compound obtained was coded 
as''AS-2". 
Examination of the isolated component "AS-2" on TLC indicated it 
to be homogeneous. It was crystallised from benzene and acetone to 
yield fine crystals m.p. 272-75°C. In the IR spectrum of "AS-2" two peaks 
in the hydroxy! region were present at 3595 and 3370cm'\ indicating the 
presence of hydroxyl groups involved in various stages of hydrogen 
bonding. In the carbonyl region two peaks appeared at 1762 and 1750cnT\ 
These values correspond to the values at which y lactones absorb. 
Considering that the Artemisia species are rich in sesquiterpene lactones, 
a reasonable assumption was that this compound was a sesquiterpene 
lactone. Furthermore the appearance of two such peaks also suggested 
''AS-2" to be a dimer. This conclusion was validated by the mass spectral 
data in which two peaks at the highest region appeared at m/z 513 & 512. 
In the ^HMR (Fig.7) of "AS-2" two signals appeared at 5 4.68 and 
5 4.15 . Hydrogens under the lactonic oxygen in guaianolides appear in 
this region. The assumption that "AS-2" is a dimer could hence be narrowed 
down to it being guaipolide dimer. 
In the ^^ CMR spectrum (Fig. 8) of "AS-2" altogether 31 signals were 
present confirming the dimeric nature of "AS-2". Of the 31 peaks the one 
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appearing at 5128.2 was attributed to benzene which was used to crystallise 
"AS-2". In the ^HMR spectrum (Fig.7) also, a corresponding peak due 
to benzene appeared at 8 7.37. 
In the ^HMF t^he presence of six methyl groups in ''AS-2" could be 
made out, signals for five of which appeared at higher field 5 (1.205-
1.302) and another at 5 1.95, probably vinylic. 
The methyl groups responsible for the signals at high field are either 
tertiary or secondary. The chemical shift, number and nature of the methyl 
groups indicate that ''AS-2" is not of triterpenic or steroidal origin, 
reinforcing the conclusion that it is a sesquiterpene dimer. 
At the first glance the signals In the ^ C^MR spectrum (Fig.8) can be 
segre|ated as under: 
(a) Two carbonyl carbons appearing at 5 179.00 and 178.50; which 
correspond to lactone carbonyls as has been reported for the 
majority of sesquiterpene lactones. 
(b) Two olefinic carbons responsible for the signals at 5 147.80 and 
132.30. 
(c) Seven signals appearing at 6 88.20,82.20,80.90.77.68,74.12, 
62.79 and 61.92 most likely arising of oxygenated carbons. 
Hi In order to classify^rest of the signals and ultimately to assign all 
the thirty signals In the ^^ CMR spectrum (Fig.8) further Investigation was 
found to be necessary. 
It 
In this context it was initially necessary to classify the nature of 
carbons as primary, secondary etc. This could be done either by resorting 
to the off resonance decoupling or to the more recent techniques like 
INEPT (Insensitive nuclecus enhancement by polarisation transfer), DEPT 
(Distortionless enhancement by polarisation transfer) etc. Accordingly 
"AS-2" was examined under the DEPT mode which gave the following 
results. 
With e = 45". When the spectrum is determined In the DEPT mode with e 
= 45° all the hydrogen carrying carbons give rise to signals in the positive 
phase. Therefore, it Is possible to substract this spectrum from the original 
^^ CMR spectrum to identify signals due to carbons which carried no 
hydrogen. In the spectrum determined with e = 45° (Fig.9) altogether 22 
signals were present and the missing signals were those which appeared 
at 5 179.00,178.50, 147.80, 132.30, 88.20, 77.68, 74.12 and 61.92; It 
could be concluded therefore that 8 carbons in "AS-2" carried no 
hydrogens. Furthermore of the above 8 signals the ones appearing at § 
179.00 and 178.50 have already been concluded to arise out of carbonyl 
carbons and the signals appearing at 5 147.80 and 132.30, outofolefinic 
carbons. It could be concluded, thus, that "AS-2" contains four quaternary 
carbons, two olefinlc carbons which do not carry any hydrogens 2 carbonyl 
carbons and the 22 protonated carbons giving rise to signals appearing 
at 6 82.20, 80.90. 62.79, 56.50, 52.31, 49.26, 48.99, 43.72, 43.03, 
77 
42.52, 42.30, 41.08, 39.01, 34.53, 29.29, 26.91, 25.42, 23.41, 16.81, 
16.47,12.42 and 12.21. 
With e = 90°. Under this condition only methinic carbon are registered 
and In the case of "AS-2" (Fig. 9) in total 11 signals were recorded at 8 
82.20, 80.90. 62.79. 56.50. 52.31, 49.26, 48.99.43.03,42.52, 42.30 and 
41.08; indicating that the "AS-2" molecule carried 11 singly protonated 
carbons. 
With e = 135*»(Fig. 9). When the spectrum is recorded under this condition 
all the carbons excepting those which are not protonated are registered. 
Of the signals recorded, carbons canning odd number of hydrogen appear 
in the positive phase and even number of hydrogen appear in the negative 
phase. In case of ''AS-2" 5 signals appeared in the negative phase at 5 
43.72,39.01,34.53.25.42 and 23.41; indicating that five methylene groups 
were present in ''AS-2". 
By substracting the signals due to methinecarbons (CH) as recorded 
with e = 90° and the signals due to methylene carbons as recorded in the 
negative phase with e = 135" from the total number of signals present in 
the spectrum recorded with 0 =135° signals due to methyl carbons could 
be identified. Accordingly it was concluded that signals appearing at 5 
29.29. 26.91,16.81,16.47,12.42 and 12.21; arise out of methyl carbons. 
Collating the results obtained from the determination of the spectra 
in the DEPT mode it can be further concluded that all the quaternery 
carbons carry oxygens and the two olefinic carbons carry no hydrogens. 
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It has thus been possible to classify all the 30 carbons present in 
"AS-2". The result can be presented as below (Table-VI). 
»^CMR CH, 
179.00 
178.50 
147.80 
132.30 
88.20 
82.20 
80.90 
77.68 
74.12 
62.79 
61.92 
56.50 
52.31 
49.26 
48.99 
TABLE -VI 
, CHj CH Q Oxygenated 
88.20 
82.20 
80.90 
77.68 
74.12 
62.79 
61.92 
56.60 
52.31 
49.26 
48.99 
88.20 
82.20 
80.90 
77.68 
74.12 
62.79 
61.92 
Olefinic 
147.80 
132.30 
-C=0 
179.00 
178.50 
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"CMR CH, CHj CH Q Oxygenated Oleflnlc -C=0 
43.72 
43.03 
42.52 
42.30 
41.08 
39.01 
34.53 
29.29 
26.91 
25.42 
23.41 
16.81 
16.47 
12.42 
12.21 
29.29 
26.91 
16.81 
16.47 
12.42 
12.21 
43.72 
43.03 
42.52 
42.30 
41.08 
39.01 
34.53 
25.42 
23.41 
The data given above viz. ^HMR, ^^ CMR and ^^ CMR in the DEPT 
mode, though sufficient to have a preliminary look into the molecule was 
insufficient to have a detailed picture of the molecule. It was therefore 
82 
necessary to correlate the H^ signals with the ^^ C signals. Hence a two 
dimensional correlation was obtained by determining a U^H spectrum (Fig. 
10) to specify the location of hydrogen on different carbons. Results of 
this experiment are tabulated in table Vll. It is worthwhile to note that in 
this spectrum the ^ C^ signals appearings 8128.20 corresponds to the H^ 
signal appearing at 6 7.37, confirming spectroscopically that this signal 
emanates out of the benzene retained by the molecule after crystallisation. 
TABLE - Vll 
i^ CMR Q T S P J^cH 
179.00 
178.50 
147.80 
132.30 
88.20 
82.20 
80.90 
77.68 
74.12 
62.79 
179.00 
178.50 
147.80 
132.30 
88.20 
77.68 
74.12 
82.20 
80.90 
62.79 
4.15 
4.68 
2.37 
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13CMR Q T S P 'J 
61.92 61.92 
56.50 
52.31 
49.26 
48.99 
43.72 
43.03 
42.52 
42.30 
41.08 
39.01 
34.53 
29.29 
26.91 
25.42 
23.41 
16.81 
16.47 
12.42 
12.21 
CH 
56.50 
52.31 
49.26 
48.99 
43.03 
42.52 
42.30 
41.08 
43.72 
39.01 
34.53 
25.42 
23.41 
29.29 
26.91 
16.81 
16.47 
12.42 
12.21 
2.53 
3.47 
1.88 
1.80 
1.78 & 1.56 
2.72 
2.281^ 
2.22 ^ 
2.21 
1.88 & 1.448 
1.67 & 1.48 
1.27 
1.26 
1.76- &1.57 
1.89 & 1.56. 
1.15 
1.95 
1.21 71.21 
1.21 /1.21 
84 
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Considering *\* ''AS-2" to be a sesquiterpene lactone dimer, as 
has been concluded, it is necessary to assign the ^^ C signals to carbons 
on either of the two units. To achieve this objective it is necessary to 
locate at least one signal each H^ or ^^ C in the two different units with a 
certain degree of certainty. Appearance of two H^ signal at 54.685 and 
4.153 was convenient in this regard. Signals appearing at these or 
neighbouring values have been attributed to the hydrogen located under 
the lactonic oxygen, or in other words, on the C-6 of the guaianolide 
skeleton (XLVII). Once these signals have been assigned to 
the 6 and 6 positions of the two units, determination of the "J^ ,„ correlation 
spectrum (Fig 11) became relevant to enable the assignment of the signals 
in the ^HMR and "CMR spectra. Data obtained from this spectryV r^e 
given below (Table VIII). 
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TABLE . VIII 
«CMR 
179.00 
178.50 
147.80 
132.30 
88.20 
82.20 
80.90 
77.68 
74.12 
62.79 
61.92 
56.50 
52.31 
49.26 
48.99 
43.72 
43.03 
42.52 
42.30 
•'CH 
4.68.3.47,2.72,2.53,1.95 
4.68,3.47,2.72,2.53,1.95 
4.15.3.47,2.37,2.21,1.76.1.21 
1.80.1.76. 1.44 
1.89.1.56 
2.37.1.80, 1.76,1.27 
2.72,1.89, 1.26 
4.15.3.47,1.80,1.57,1.44,1.27 
4.15,3.47,2.37,2.21,1.88,1.76.1.21 
4.68,2.72,2.37, 1.88, 1.26 
4.15,2.21, 1.95 
4.68,1.56, 1.21 
4.15,1.88 
2.53,1.89, 1.48 
3.47,2.53,2.37 
4.15.1.21 
4.68,2.72 
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"CMR "JcH 
41.08 
39.01 
34.53 
29.29 
26.91 
25.42 
23.41 
16.81 
16.47 
12.42 
12.21 
3.47, 2.72,2.37. 
2.37. 1.80.1.76.1.57.1.27 
2.72,1.21 
1.88 
1.48 
4.15,2.21,1.88.1.44 
4.68. 1.89. 1.67 
2.21.1.76.1.44 
1.56.1.46 
1.80.1.44 
1.88 
For convenience the unit in which the 6-H appears at 5 4.68 is 
labellecl 'A' and the other unit in which corresponding proton appears at 5 
4.15 as 'B'. It is evident from the above data that in the unit 'A' the proton 
appearing at 5 4.68 interacts with carbons appearing at 5147.80,132.30. 
56.50, 49.26, 42.30 and 23.41; vide Table VIII. Additionally the lactonlc 
proton has been found attached to the carbon responsible for the signal 
at 8 80.9 from the ^J^^^ correlation spectrum vide Table VII. It can therefore 
be concluded that carbons responsible for the above signals are located 
In the unit 'A'. 
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Similarly the H-6 proton appearing at 5 4.153 is found to interact 
with carbons responsible for the signals appearing at 5 88.20,62.79, 
61.92, 52.31, 48.99, 42.52 and 25.42 vide Table VIII. This proton has 
been found to be attached to the carbon responsible for the signal at 5 
82.20 from the J^^ .^  correlation spectrum (Table VII). Therefore all above 
8 signals can be assigned to carbons forming part of the skeleton of the 
unit 'B'. Additionally the hydrogens located on carbons responsible for 
these signals can be identified from the ^ J^ .^  spectrum (Fig. 10, Table VII) 
and hence assigned to the units A and B as the case may be. These 
results can be tabulated as below (Table IX). 
TABLE - IX 
Unit A Unit B 
''CMR 
23.41 
42.30 
49.26 
56.50 
80.90 
132.30 
147.80 
CHj 
CH 
CH 
CH 
CH 
C= 
C= 
'HMR 
1.89 and 1.561 
2.22^ 
1.88 
2.53 
4.68 
"CMR 
25.42 
42.52 
48.99 
52.31 
61.92 
62.79 
82.20 
88.20 
CH, 
CH 
CH 
CH 
Q 
CH 
CH 
Q 
'HMR 
1.57 and 1.76r 
2.28: 
1.80 
3.47' 
2.37 
4.15. 
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It is apparent from the above that both vinylic carbons are located 
In ring 'A' and 3 oxygenated carbons in ring 'B'. 
Carbon atoms responsible for the rest of the signals can be traced 
refering to the above 15 signals and the corresponding H^MR signals vide 
Table IX. 
The hydrogen appearing at 5 2.53' and located on the carbon 
appearing at 5 56.50 is found to interact with the carbon appearing at § 
43.03 and this carbon therefore forms part of the unit 'A' and 
correspondingly the hydrogen appearing at 5 2.72. Confirmation for this 
assignment can also be had from the interaction of this hydrogen with the 
carbon appearing at $ 42.30, vide table IX. The oxygenated carbon 
appearing at 5 74.12 interacts with the above hydrogen signal and therefore 
forms part of 'A'. The same hydrogen also interacts with the carbon signal 
5 34.53 making the location of this carbon in ring 'A' necessary. The 
proton appearing at 5 2.538 also interacts with the carbon appearing at 5 
43.72 and therefore the carbon responsible for this signal forms also part 
of the unit 'A'. There being only one vinylic bond in "AS-2" it goes without 
saying that the only vinylic methyl present in the molecule also should 
form part of the unit 'A'. This vinyl methyl carbon appears at 6 16.47 with 
corresponding 3 hydrogens appearing at 81.95 in the H^MR spectra (Fig. 
7). Hydrogens of another methyl appearing at 8 1.26 interact with the 
oxygenated carbon appearing at 8 74.12. Therefore this methyl appearing 
at 8 26.91 also forms parts of unit'A'. 2 methyl signals closely spaced, 
91 
appear at 812.42 and 12.21 and one of these should emanate from ring 
'A' two other methyls already have been identified as part of the unit 'A'. 
ASimilar situation prevailswith the 2 lactonic carbonjpresent in "AS-2". 
Therefore apart from signals for 2 methyl carbons and 2 carbonyl carbons 
which can be Interchanged the rest of the signal emanating out of the unit 
'A' can be assigned with a degree of certainity. 
The signals for the carbons and hydrogens of unit 'B' can of course 
be assigned by default, but the following, discussion support these tentative 
assignments which can be made as above. 
8 carbons and the attached hydrogens have already been identified 
to be located in the unit 'B' vide Table IX. viz. 5 25.42. 42.52. 48.99, 
52.31,61.92,62.79. 82.20 and 88.20. In addition to the above, the proton 
signal appearing at 5 2.371 and having been already assigned to ring 'B' 
is found to interact with the ^^ C signal appearing at 8 77.68necessitatlng 
the location of this carbon in ring 'B'. This carbon is tertiary and 
oxygenated. Similarly the secondary carbon signal appearing at 8 39.01 
is also found to interact with the proton signal at 8 2.371 and this methine 
carbon should also be part of ring 'B'. Another methin^ carbon appearing 
at 8 41.08 is also found to interact with the same proton signal and therefore 
this carbon Is also part of ring 'B'. Of the signal due to the methyl carbons 
appearing at s 12.42 and 12.21, which have been suggested to be 
interchang^ble, one should belong to unit 'B'. The methyl hydrogens 
appearing at 8 1.27 interact with the quaternary oxygenated carbon 
92 
appearing at 6 77.68. Therefore the corresponding methyl carbon giving 
rise to the ^ C^ signal at 6 29.29 and which carries 3 hydrogens appearing 
at 61.27 should be part of the unit 'B'. Another methyl carbon appearing 
at 516.81 and whose hydrogens appear as a doublet at g 1.15 should also 
be part of the unit 'B'. Conclusions which can be drawn from the above 
discussion makes it possible to tabulate the ^ C^ signals and the hydrogens 
which they carry as below (Table X). 
TABLE - X 
Unit A Uni te 
''CMR H^MR '^CMR 'HMR 
12.21/12.42 Me 1.21 71.21^ 12.42/12.21 Me 1.21:71.21'^ 
16.47 
23.41 
26.91 
34.53 
42.30 
43.03 
43.72 
Me 
CH^ 
Me 
CH2 
CH 
CH 
CH, 
1.95 
1.56s &1.89 
1.26 
1.48 & 1.67 
2.22 
2.72 
1.78 & 1.56 
16.81 
25.42 
29.29 
39.01 
41.08 
42.52 
48.99 
Me 
CH2 
Me 
CH2 
CH 
CH 
CH 
1.15 
1.57 & 1.76 
1.27 
1.44r &1.88 
2.21 
2.28*: 
1.80 
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"CMR 
49.26 
56.50 
74.12 
80.90 
132.30 
147.80 
CH 
CH 
Q 
CH 
C= 
C= 
'HMR 
1.88 
2.53^ 
4.68!ii 
^^ CMR 
52.31 
61.92 
62.79 
77.68 
82.20 
88.20 
CH 
Q 
CH 
Q 
CH 
Q 
'HMR 
3.47> 
2.37' 
4.15: 
179.00/178.50 C=0 178.50/179.00 C=0 
Having thus been possible to assign all signals appearing in the 
^^ CMR and ^ HMR spectra to the two different units 'A' & 'B' it is necessary 
to assign these signals to individual nuclei in order to obtain a clear picture 
of the structure of "AS-2". However before anempt'ing this exercise it is 
necessary to Identify the functional groups present in "AS-2". 
The MS of "AS-2" indicate that its molecular formula is CjoH^Pg. 
The IR spectrum shows the presence of hydroxyls and at least two lactonic 
carbonyls. The "CMR data shows that there are in total 7 oxygenated 
carbons which are responsible for signals appearing at 5 88.20, 82.20, 
80.90,77.68,74.12,62.79 and 61.98. Additionally the 2 carbonyl carbons 
also give rise two signals at 5179.00 and 178.50 Against the 8 oxygens 
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present the number of oxygenated carbons correspond to 9. Hence it was 
likely that "AS-2" carried an epoxy function. Indication of this could be 
had from the IR spectrum of "AS-2" as indicated by bands appearing 
at 840, 912,1140 and 1400cm-^ ^MHowever bands emanating out of the 
epoxy functions have been reported to be non-specific^®. Hence this 
postui^ion has to be supported by chemical evidence. A solution of "AS-
2" in acetone was treated with 0.1N sodium thiosulphate and 
phenolphthalein indicator and the mixture heated on a water both. A 
persistent red colour was formed in the mixture, as has been reported to 
be the case with expoxide containing compounds^ .^ Confirmation thus 
could be had for the presence of an epoxide function in ''AS-2". It was 
hence concluded that ''AS-2" carries 2 y lactones, 3 hydroxy Is and one 
epoxide function accounting for in total 8 oxygens and 9 oxygenated 
carbons. ''AS-2" could not be acetylated in spite of repeated attempts by 
treatment with acetic anhydride in presence of pyridine. Hence the 
hydroxyls in all likelihood are tertiary in character. 
To look closely Into the molecule and assign the proton signals it 
was necessary to analyse the splitting patterns of the ^HMR signals. 
Guaianolide dimers have two similar units and hence it is difficult to 
interpret the ^HMR spectra, as similarly situated hydrogens present on 
either of this unit give rise to overlapping signals. It was hence assumed 
that the determination of 2DJ resolved spectrum (Fig. 12) could be of 
help, and It was found to be the case, as finer splitting was decipherable 
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only in the J resolved spectrum. Further,decoupling also was resorted to 
correlate the well defined signals appearing in the H^MR spectrum. 
In the ^HMR spectrum (Fig. 7) one proton appears at 64.68' as a 
doublet with splitting constant of 11.1 Hz. In the decoupling experiment 
(Fig. 13) when this signal was irradiated the multiplet appearing at 51.88 
was considerably simplified. The signal at 8 4.68 . by convention should 
be assigned to the H-6, the proton under the lactonic oxygen. As this 
signal appears not as a double doublet but as a doublet there is only one 
proton contiguous to it and hence there is no proton on C-5. The proton 
which is interacting with H-6 hence Is located on C-7 which appears 
together with other protons between 51.91. and 1.58 , expectedly as a 
complex multiplet. It Is evident from the decoupling experiment that the 
signal due to H-7 appears at approximately 51.88. 
In the 2DJ spectrum final splitting of the H-6 signal is evident and 
whereas this proton appeared as a doublet In the ^HMR spectrum, it 
appeared as a pair of quintets in the J-resolved spectra. The splitting 
constant of this signal was measured as 1.4 Hz, indicating homo-allylic 
coupling. The nature of the signal suggested that there are two such 
interactions; one with the signal appearing at 6 2.72 and the other with the 
vinylic methyl protons. The proton appearing at 6 4.68r having been 
already assigned to the unit 'A'. It is possible to locate a double bond 
between C-4 and C-5, the vinylic methyl on C-4 and another proton on C-
3 which should be the proton appearing at 5 2.72. In spite of the presence 
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of a double bond In "AS-2" no vinyllc proton has been found to be present 
and the following partial structure thus emerges for the unit 'A' of "AS-2" 
(XLVIII). 
o 
(XLVIII) 
It may be worthwhile to mention that there are no signals indicative 
of exocyclic methylenes in the 'HMR or ^ C^MR spectra. Hence there should 
be two other methyls in this unit located on C-10 and C-11 making it 
possible to expand the partial structure of this unit as follows (1L). 
( I L ) 
This unit has been found to carry three methylenes, vide table X. 
The three methylenes hence could be located only at positions 2,8 and 9 
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jn the unit 'A'. This then enables to completely picture the skeleton of the 
unit 'A' in '•AS-2" (L). 
The signal appearing at 5 2.227 which appears as a double quartet 
(J=13.2 and 6.8 Hz) can be assigned to H-11. Correspondingly the signal 
due to a secondary methyl proton appearing at 5 1.217 or 1.2185 and 
already suggested to be Interchangable should be located on C-11. A 
methyl carbon responsible for the signal at 5 26.91 in ^^ CMR spectrum 
which on the basis of Its chemical shift is attached to an oxygenated 
carbon with its hydrogens appearing at 1.26 in the H^MR spectrum has 
already been identified to be part of ring 'A'. This now should be located 
on C-10 which is all likelihood is responsible for the signal at 6 74.12 and 
hence the C-10 should also carry a hydroxy I. The skeleton of unit 'A' of 
'•AS-2" hence can be represented as below (LI). 
o 
(LI ) 
It is worthwhile to mention that a sesquiterpene guaianolide dimer, 
absinthin has been isolated from Artemisia abslnthin and its structure 
determined by J. Beauhaire et. al.^on the basis of spectroscopic evidence. 
One of the unitsof this dimer corresponds to the unit delineated as 'A' in 
the case of "AS-2". However, on re-examination, F. Bohlmann et al /^ 
have made some minor changes in the spectral data and majority of the 
signals assigned to the unit 'A' in "AS-2" resemble closely the signals 
reported as is evident from the Table XI & XII. 
TABLE - XI 
H^MR Spectrum 
AS-2 F. Bohlmann J. Beauhaire 
H-1 2.53 2.28 2.29 
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AS-2 
H-2' 1.78 &1.56 
H-3' 2.72 
H-6' 4.68 . 
H-7' 1.88 
H-8' 1.56,1.89 
H-9' 1.48,1.67 
H-11' 2.22 
H-13' 1.21 /1.21: ^' 
H-14' 1.27 
H-15' 1.95 
Position AS-2 
C-1' 56.50 
C-2' 43.72 
C-3' 43.03 
F. Bohimann 
2.81 
3.19 
4.59 
1.64 
2.23 
1.19 
1.29 
1.94 
J. 
TABLE - XII 
^^ CMR Spectra 
F. Bohimann 
57.1 
46.5 
58.9 
Beauhaire 
2.84 
3.21 
4.60 
1.64 
1.60 
1.60 
2.30 
1.21 
1.31 
1.90 
J. Beauhaire 
57.0 
46.5 
58.8 
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Position 
C-4' 
C-5' 
C-6' 
C-7' 
C-8' 
C-9' 
C-10' 
c-ir 
C-12' 
C-13' 
C-14' 
C-15' 
AS-2 
132.30 
147.80 
80.90 
49.26 
23.41 
34.53 
74.12 
42.30 
179.00/178.60 
12.21/12.42 
26.91 
16.47 
F. Bohlmann 
134.9 
147.5 
81.4 
49.4 
23.6 
43.7 
74.1 
42.3 
178.8 
12.2 
29.4 
18.3 
J. Beauhaire 
135.4 
147.8 
81.5 
49.2 
23.6 
42.4 
71.6 
42.0 
179.8 
12.1 
32.2 
18.3 
This unit has been found to have three methylene groups at the 
positions 2,8 and 9. Hence the coupling of this unit with the unit 'A' can 
involve positions 1 or 3. But a proton appearing at § 2.538 has been 
found attached to the carbon giving rise to a signal at 5 56.50 i.e. on C-1. 
Further the carbon no.3 appearing at 6 43.03 in the ^^ CMR spectrum 
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carries only one hydrogen. Hence this unit is linked with the unit 'B' using 
only one carbon I.e. the C-3. 
A peak at m/z 249 in the mass spectrum of "AS-2" which can 
originate out of the allylic cleavage at C-3 of the unit 'A' also vindicates 
the proposed structure for this unit. 
The starting point for assigning signals to the unit 'B' Is the ^HMR 
signal appearing at 5 4.15 ^s a doublet (J=10.2 Hz). The proton 
responsible for this signal on the basis of arguments adduced earlier can 
be assigned to H-6. Irridation of this signal simplifies the multiplet appearing 
between 81.915 and 1.582 at 1.80 (Fig. 7). In the J-resolved spectrum 
(Fig. 12) this signal overlaps the signal appearing at § 1.88 and already 
assigned to C-7 In the unit 'A'. Hence by analogy this signal at 8 1.80 
which Interacts with the signal at 8 4.15' are contiguous and can be 
assigned to C-7 of the unit 'B*. The H-6 proton appears as a doublet and 
hence there is no proton attached to C-5, leading to the partial structure 
(Lll) for the unit'B'. 
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This unit has been found to carry two methylenes which on 
biogenetic grounds can be located at positions 8 and 9. No proton 
corresponding to C-1 appears in the H^IVIR of the unit 'B'. It has also been 
observed that this unit carries an epoxy function, one of the associated 
carbons having no attached hydrogen and carbons appearing at 5 61.92 
and the other at 5 62.79. The latter carbon carries a hydrogen appearing 
at 5 2.371 In the ^ HMR spectrum. These values corresponds to the values 
assignable to an epoxy bearing carbon^^  °2. Therefore, the epoxy group 
has to be located on C-1 and C-2 leading to the partial structure (Llll). 
A proton appearing at 5 2.285 and having two splittings associated 
with it viz. J=13.2 and 6.8 Hz corresponding closely to the H-11 in the unit 
'A' can be by analogy assigned to H-11 of unit 'B' and hence one of the 
secondary methyls appearing at 8 1.21 or 1.21 can be located on 
C-11 which gives rise to a signal at 5 42.52 in the ^^ CMR spectrcm-There 
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is another secondary methyl attached to the carbon appearing at 5 41.08. 
The three protons of this methyl groups appear as a doublet at 8 1.15 
(J=6.8 Hz). The proton responsible for this coupling can be identified as 
the one responsible for the signal at 5 2.21 from the J-resolved spectrum. 
The partial structure for the unit 'B' can therefore be expanded to (LIV). 
O (L IV) 
Of the five oxygens residing on this unit only three have been 
accounted so far. Three methyl hydrogens appearing at 5 1.27 interact 
with the oxygenated carbon appearing at 8 77.68. Hence this methyl 
carbon residing on the carbon responsible for the signal at 8 77.68 and 
responsible for the signal at 8 29.29 are mutually linked, but the carbon 
appearing at 8 77.68 carries no hydrogen. Hence a hydroxyl has to be 
located on this carbon. By analogy with the unit 'A' the carbon appearing 
at 8 77.68 has to be the C-10. Another carbon appearing at 8 88.20 
which is oxygenated but carries no hydrogen now has to be located at 
C-5. Incidentally this carbon interacts strongly with the proton signal 
appearing at 8 4.15 •confimiing this assignment. The yet unassigned H^ 
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s i^ al appearing at 5 3.47 hence can be assigned to H-3. The structure 
for unit 'B' evolving out of the above discussions can be picture as (LV). 
The structure for unit 'B' has only one position i.e. C-3 left to be 
linked to the unit 'A'. In the decoupling experiment the proton appearing 
at 5 2.72 of the unit 'A|have been found to be mutually coupled in the 
decoupling experiment (Fig. 13). Thus irradiation of the doublet at 5 3.47 
results in the collapse of the doublet at 5 2.72 into a broad singlet, validating 
the hypothetic linkage between the two units. The structure for "AS-2" 
hence can be concluded to be (LVI). 
(LVI) 
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The assignment of the H^ and ^^ c signals for "AS-2" can therefore 
be tabulated as below (Table XIII & XIV). 
TABLE - XIII 
^HMR Spectrum 
Unit 'A' Unit *B' 
H-r 2.53 , 
H-2' 
H-3' 
H-6' 
H-7' 
H-8' 
H-9' 
H-ir 
H-13' 
H-14' 
H-15' 
1.56.1.78 
2.72 
4.68. 
1.88 
1.56 ,1.89 
1.48, 1.67 
2.22 
1.21 /1.21 ; 
1.26 
1.95 
H-2 
H-3 
HA 
H-6 
H-7 
H-8 
H-9 
H-11 
H-13 
H-14 
H-15 
2.37 
3.47» 
2.21 
4.15 
1.80 
1.57,1.76 
1.44 , 1.88 
2.28 
1.217/1.21, . 
1.27 
1.15 
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TABLE XIV 
"CMR Spectrum 
Unit 
C-1' 
C-2' 
C-3' 
C-4* 
C-5' 
C-6' 
C-7' 
C-8' 
C-9' 
C-10' 
C-11' 
C-12' 
C-13' 
C-14' 
C-15' 
'A' 
56.50 
43.72 
43.03 
132.30 
147.80 
80.90 
49.26 
23.41 
34.53 
74.12 
42.30 
179.00/178.50 
12.21/12.42 
26.91 
16.47 
Unit'B' 
C-1 
C-2 
C-3 
C-4 
C-5 
C-6 
C-7 
C-8 
C-9 
C-10 
C-11 
C-12 
C-13 
C-14 
C-15 
61.92 
62.79 
52.31 
41.08 
88.20 
82.20 
48.99 
25.42 
39.01 
77.68 
42.52 
178.50/179.00 
12.42/12.21 
29.29 
16.81 
The dimerisation process in majority of the dimers involve 2 carbons 
in each of the monomers. In a variation two atoms of one unit are 
linked to one carbon of the other unit resulting in formation of spiro-type 
dimers (LVII, LVHI)^ ^^ .^ However to best of our knowledge only one dimer 
has been reported in which one carbon in each of the monomers are 
utilised in linking the monomers^^ (LIX). "AS-2" appears to be the second 
Instance of a dimer of this nature. 
(LVII) 
( L V I I I ) 
(LIX) 
ExperimcnUil 
EXPERIMENTAL 
Melting points were determined on a Kofier block and are 
uncorrected. UV spectra were recorded in methanol on Elico spectro 
photometer and IR spectra were recorded In KBr/Nujol/Neat on a IR-408 
Shimadzu spectrophotometer. ^HMR, ^ C^MR and 2D NMR were determined 
on Bruker DRX-300 instrument in CDCI3 using IMS as internal standard. 
Chemical shifts are recorded in s values relative to IMS assigned at zero. 
Mass spectra were recorded on Jeol D-300 spectrometer. 
The anion exchanger used was ceralite ir A 400 of the Central drug 
house, laboratories (CDH) India. The gas chromatograms were determined 
on a Nucon Gas chromatograph using a glass column of Carbowax-200 C 
maintaining the oven temperature above the boiling point of the aldehydes. 
Column chromatography was carried over BDH silica gel (60-120 mesh) 
and TLC were carried on silica gel G^^ (E. Merck). Iodine, 2,4-
dinitrophenylhydrazine or alcoholic ferric chloride were used for 
visualization of TLC plates. 
The aldehydic reagents - Tollen's' Fehling's and Benedict's used 
for testing prepared aldehydes were of analytical reagent grade (BDH or 
Qualigen). 
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General experimental procedure - preparation of acid chlorides 
The acid chlorides were prepared by standard methods from 
the corresponding acids. The acid (0.1M) was dissolved in benzene or 
chloroform (20 ml) and to this thionyl chloride (0.15M) added. Where 
required dimethylformamide was used as a catalyst. The mixture was 
refluxed for varying degrees of time till the evolution of HCi ceased. The 
solvent was evaporated to give the acid chloride which was distilled before 
used. 
Preparation of the anion exchanger In the fornfiate form 
Ceralite ir a 400 anion exchanger resin (CDH) (40 gm) was swelled 
in distilled water for 24 hours. After swelling, 80 ml of 2M sodium formate 
(10.88 gms) solution was passed through the resin followed by washing 
with distilled water till the washing acquired the pH of 6. Resin was then 
dried and used. The spent resin was regenerated in a similar manner. 
General experimental procedure for preparation of the aldehyde 
The prepared acid chloride (3gm) was dissolved In chloroform (25 
ml) and the solution deoxygenated by bubbling nitrogen through the 
solution. The resin (24 gm) in the formate form was added to this solution 
and the whole mixture stirred for varying degrees of time, continuing the 
passage of nitrogen. The reaction was monitored on the basis of evolution 
of CO2. When the CO2 evolution ceased, the stirring was continued for 
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another 5 minutes. The reaction mixture was then filtered and the product 
isolated by evaporating the solvent under nitrogen. 
Perivatization 
2,4-Dinitrophenylhydrazone : To the clear solution obtained by warming 
2,4-d(nltrophenylhydraztne, HCI (1ml) and ethanol (8-10 ml) the aldehydic 
solution was added and the mixture heated to boil. This mixture was cooled 
and filtered to obtain the solid 2,4-dinitrophenylhydrazone which was 
crystallised from ethanol. 
Phenyihydrazone: Phenylhydrazine hydrochloride solution was prepared 
by dissolving phenylhydrazine in ethanol and adding concentrated HCI to 
it. The solid phenylhydrazine hydrochloride obtained thus was crystallised. 
Phenylhydrazine hydrochloride (5 gm) and sodium acetate (8 gm) were 
dissolved in water (50 ml) to obtain a stock solution. To an aliquot of this 
solution an alcoholic solution of the aldehyde was added and stirred till a 
clear solution was obtained. The whole mixture was warmed on a water 
bath for 20 minutes, cooled and filtered to obtain a solid which was 
crystallised from ethanol. 
Tests for Aldehydes 
1. Tollen's Test: 2 ml of Tollen's reagent along with few drops of 
isolate was shaken well and heated on a water bath. A silver minror 
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or a greyish black precipitate confirmed the presence of aldehyde 
function. 
2. Fehling's Test: 1 ml of isolated solution together with 2 ml of freshly 
prepared Fehling's solution obtained by mixing 1 ml of Fehling's 
solution A with 1 ml of Fehling's solution B was waniied. A positive 
response was indicated by the appearance of a red precipitate. 
3. Benedict's Test: 5 ml of Benedict's reagent along with 0.5 ml of 
isolated solution was heated together directly on a flame. 
A red/yellow/green colour indicated a positive response. 
Benzaldehyde 
1. Reactants : Benzoyl chloride (3 gm, 0.02 M), chloroform (25 ml), 
anion exchanger (24 gm); reaction time 55 minutes, yield 74.8% 
Tollens' test - positive 
Fehling's test - negative 
Benedict's test - positive 
Refractive index 
Phenylhydrazone mp 
2,4-Dinitrophenylhydrazone mp 
GLC (Solvent: Chloroform) 
•R (KBr) Y_ 
1.530 
158-60»C. 
230-32''C (237«>C) 
Retention time 4 minutes 
1705cm"'(C=0) 
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iHMR(CDCg 6 7.5(m,3H), 7.75(m,2H), 
9.95 (s,1H). 
Propionaldehyde 
Reactants : PropionoyI chloride (3 gm; 0.033 M), chloroform (25 ml), 
anion exchanger (24 gm); reaction time 60 minutes, yield 74.6%. 
Tollens' test 
Fehling's test 
Benedict's test 
Refractive index 
2,4-Dinitrophenylhydrazone mp 
GLC (neat) 
»R (KBr) y _ 
'HMR(CDCl3) 
positive 
positive 
negative 
1.377 
151-153°C 
Retention time 1.8 minutes 
1710cm-MC=0) 
5 10.1 (1H,s),2.7(2H,t). 1.6 
(2H,m),0.97(3H,t). 
Butyraldehyde 
Reactants : Butyryl chloride (3 gm; 0.02 8 M), c hloroform (25 ml), anion 
exchanger (24 gm); reaction time 55 minutes, yield 80%. 
Tollens' test - positive 
Fehling's test - positive 
Benedict's test - negative 
Refractive index 1.396 
lb 
2,4-Dinitroj^henyl hydrazone mp 
GLC (solveijrt iCHCIg) 
117-20°C 
Retention time 6.12 minutes 
Phenylace|taldehyde 
) 
Reactant$ : Phenylacetyl chloride (3 gm : 0.019 M), chloroform (25 ml), 
anion exct^anger (24 gm); reaction time 60 minutes, yield 74.8%. 
To/lens' te$t 
Fehling's ^ est 
I 
Benedict'^ test 
Refractive index 
2,4-Dlnitr)ophenylhydrazone mp 
GLC (solvent: CHCI3) 
positive 
positive 
positive 
1.630 
I22-240C 
Retention time 3.68 minutes 
Isobutyrlaldehyde 
Reactar^ts : Isobutryl chloride (3 gm, 0.028 M), c hloroform (25 ml), anion 
exchanger (24 gm); reaction time 50 minutes, yield 80%. 
Tollens' test 
Fehling'ls test 
Benedict's test 
Refractive index 
2,4-Dlriitrophenylhydrazone mp 
GLC (solvent: CHCI3) 
positive 
positive 
positive 
1.398 
184-86'>C 
Retention time 4.72 minutes 
iI7 
Pivalaldehyde 
Reactants : PivaloyI chloride (3 gm : 0.025 M), chloroform (26 ml), anion 
exchanger (24 gm); reaction time 40 minutes, yield 83.2%. 
Tollens' test 
Fehllng's test 
Benedict's test 
Refractive index 
2,4-Dinltrophenylhydrazone mp 
positive 
positive 
positive 
1.398 
206-208»C 
Monochloroacetaldehyde 
Reactants : Monochloroacetyl chloride (3gm, 0.026M), chloroform (25 
ml), anion exchanger (24 gm); reaction time 45 minutes, yield 73.3%. 
Tdlens' test - positive 
Fehllng's test - positive 
Benedict's test - positive 
Refractive index 1.420 
2,4-Dinitrophenylhydra2one mp 110-12''C 
GLC (solvent: CHCL) Retention time 4.2 minutes 
2-ChloropFopionaldehyde 
Reactants : 2-Chloropropionoyl chloride (3 gm 0.023 M), c hloroform (25 
ml), anion exchanger (24 gm); raction time 60 minutes, yield 73.2%. 
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ToWens' test 
Fehling's test 
Benedict's test 
Refractive index 
2,4-Dinitrophenylhydra2one 
GLC (solvent: CHCI3) 
positive 
positive 
negative 
1.461 
139''Cdecomp. 
Retention time 6.8 minutes 
Lauraldehyde 
Reactants : LauroyI chloride (3 gm : 0.013 M), c.hioroform (25 ml), anion 
exchanger (24 gm); reaction time 45 minutes, yield 88%. 
ToHens* test 
Fehling's test 
Benedict's test 
2,4-Dlnitrophenylhydrazone mp 
TLC (silica gel G^^) solvent 
positive 
positive 
positive 
102-104*'C 
Petroleum ether : 
ethyl acetate: Acetic 
Acid(70: 30:1); R,= 0.82 
Palmitaldehyde 
Reactants : Palmitic acid chloride (3 gm 0.01 M), chloroform (25 ml), 
anion exchanger (24 gm); reaction time 45 minutes, mp. 34*0, yield 88.5%. 
Tdtens' test - positive 
Fehling's test - positive 
Benedict's test 
2,4-Dinitrophenylhydrazone mp 
TLC (silica gel: G^^) solvent 
positive 
102-104''C 
Petroleum ether: ethyl acetate: 
Acetic Acid (70:30:1); R,= 0.70 
Stearaldehyde 
Reactants : Stearic acid chloride (3 gm, 0.009 M), c hloroform (25 ml); 
anion exchanger (24 gm); reaction time 45 minute; mp 56'»C, yield 88.1 %. 
Toltens' test 
Fehling's test 
Benedict's test 
2,4-Dinltrophenylhydrazone mp 
TLC (silica gel: G^ g^ ) solvent 
positive 
positive 
positive 
123-25°C 
Petroleum ether: ethyl acetate: 
Acetic Acid (70:30:1); R,=0.66 : 
Olealdehyde 
Reactants : Oleoyl chloride (3 gm, 0.01 M), chloroform (25 ml), anion 
exchanger (24 gm); reaction time 45 minutes, yield 85.3%. 
Tollens' test - positive 
Fehling's test - positive 
Benedict's test - negative 
Refractive index - 1.520 
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2,4-Dinitrophenylhydrazone mp 
TLC (silica gel: Gjg )^ solvent 
es-ee^c 
Petroleum ether: ethyl acetate: 
Acetic Acid (70:30:1); R,= 0.60 
10-Undecenaldehyde 
Reactants : 1G-undecenoyl chloride (3 gm, 0.014 M)/chloroform (25 ml), 
anion exchanger (24 gm); reaction time 45 minutes, yield 85.5%. 
Tollen's test 
Fehllng's test 
Benedict's test 
Refractive index 
2,4-Dinitrophenylhydrazone mp 
TLC (silica gel ; G^ solvent 
positive 
positive 
negative 
1.477 
130-32»C 
Petroleum ether: ethyl acetate: 
Acetic Add (70:30:1): R, = 0.54 
Cinnamaldehyde 
Reactants : CinnamoyI chloride (3 gm, 0.018 M)„chloroform (25 ml), 
anion exchanger (24 gm); reaction time 50 minutes, yield 72.9%. 
Tollen's test - positive 
Fehling'stest - positive 
Benedict's test - positive 
Refractive Index 1.616 
2,4-Dinitrophenylhydrazone mp 198-200»C 
GLC (Solvent: CHCI3) Retention time 2.95 minutes. 
3,3-Dimethylacryijflehyde: 
Reactants :Dimethylacryloyl chloride (3 gm, 0.025 M), chloroform (25 
ml), anion exchanger (24 gm); reaction time 50 minutes, yield 77.4%. 
Tollen's test - positive 
Fehling's test - positive 
Benedict's test - positive 
Refractive Index 1.456 
2,4-Dinitrophenylhydrazone mp 158-60*'C 
GLC (Solvent: CHCI3) Retention time 2.2 minutes. 
Phenylpropiolaldehyde 
Reactants : Phenylpropiolicacid chloride (3 gm, 0.018 M), chloroform 
(25 ml), anion exchanger (24 gm); reaction time 50 minutes, yield 75.9%. 
Tollen's test - positive 
Fehling's test - positive 
Benedict's test - positive 
Refractive Index 1.610 
2,4-Dinitrophenylhydrazone mp 184-86*'C 
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Tithonia diversifolia 
Extraction and Isolation: 
About 1 kg air dried plant material was collected from F.R.I. 
Dehradun. The plant material was cut into pieces and exhaustively 
extracted with ethanol. The black resinous mass obtained from ethanol 
extract was concentrated and dried under reduced pressure. This black 
resinous mass was shown to be mixture of several compounds on TLC 
plates. 
The mother liquor obtained from ethanol extract was refluxed with 
petroleum ether (3x500 ml), benzene (3x500 ml), chloroform (3x500 ml), 
ethyl acetate (3x500 ml) and methanol successively. The different solvent 
fractions were collected and concentrated. The petroleum ether fraction 
was found to be mixture of three compounds Two of these fluoresced 
under U.V. light while the third did not. The petroleum ether extract was 
concentrated to a gummy mass and chromatographed on a column of 
silica gel, and eluted with petroleum ether and chloroform in different 
proportions in order of increasing polarity. When the column was eluted 
with petroleum ether and chloroform mixture in the ratio of (4:1) gave 
white crystalline material TD-1 mp. 146°C and in the ratio of (3:2) gave 
white solid material TD-2 mp. UI^C which were repeatedly crystallised 
from petroleum ether and acetone mixture. 
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TD-2 (6-acetyl-8-hydroxy-2,2-dlmethyl-2H-1-benzopyran) 
Eluates from the column with petroleum ether, chloroform (3:2) and 
crystallised from petroleum ether-acetone as a white solid mp. MI^'C, 
UV (MeoH) k^^ - 246. 310 nm 
IR(KBr)y„,^-3250, 1660, 1600, 1485, 1385, 1370, 1270, 1125,880, 
and 870 cm ^  
^HMR (500 MHz, CDCg : 6 1.46 (6H, s, 2X-CH3), 2.50 (3H. s,-OAC), 5.68 
(1 H,d, J=9.9Hz, H-3). 6.37 (1H, d, J=9.9Hz. H-4), 7.28 
(1H, d, J=2Hz, H-5), 7.45 (1H, d, J=2Hz, H-7). 
Mass (rel.int) : m/z 218 M*, 21.03), 203 (100). 175 (23), 160 (10.64), 
157(70), 129(7.03). 94(2.03) 
13CMR (125 MHz. CDCg, 8 26.30 (CH3-CO-), 28.33 [> C-(CH3)J, 78.60 
(C-2), 115.4 (C-4),118.8 (C-7), 120.5 (C-10), 121.69 
(C-5) 130.5 (C-6). 131.0 (C-3). 143.8 (C-9), 144.2 (C-
8), 196.9 (-CO-). 
DEPT Experiments 
Two DEPT experiments were performed on Bruker 200 using 
polarization transfer pulses 45'>C and 90", respectively, obtaining in the 
former case all the hydrogen carrying carbons and in the latter case 
carbons carrying only one hydrogen. 
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DEPT 6=45°: 6 26.30, 28.33, 115.4, 118.8, 121.69 and 131.0 
DEPTe=90°: 6 115.4,118.8, 121.69 and 131.0 
Artemisia Sieversiana 
Extraction and Isolation: 
The aerial parts of A.sieversiana (2 l^ g) were secured from the 
pharnnaceutical divison of the Unani faculty of the university. The plant 
material was cut into small pieces and was air dried under shade. The 
material was exhaustively extracted with petroleum ether. The solvent was 
removed by distillation to yield a powdery residue oiic/v^romatographed 
on a column of silica gel, and eluted with benzene and ethyl acetate in 
different proportions in order of increasing polarity. Repeated column 
chromatography of the fractions resulted in the separation of following 
two compounds. 
AS-1 
Eluates from the column with benzene <*««crystallised from benzene 
petroleum ether to yield a crystalline material m.p. 165-68°C. It gave a 
dark greenish colour with FeCla. '* 9^^® ^ positive Shinoda test on 
treatment with magnesium and HCI also a red colour with zinc and HCI. 
IR (KBr) y^,^: 1680 and 1630 - 1660 cm"" 
^HMR (CDCg : 5 3.95 (9H,s); 3.90 (3H,s); 3.85 (3H.s); 6.45 (s); 6.95 
(dd, J=11 Hz) 7.15 (m) 
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AS-2 
It was eluted from the column with benzene: ethyl acetate (95:5) 
and crystallised from benzene: petroleum ether as a white crystalline solid 
m.p. 280-282°C. TLC examination showed it to be a mixture of two 
compounds. This mixture was resolved by vacuum liquid chromatography 
on elution with benzene: ethyl acetate (88:12, 86:14 and 84:16) and 
crystallised from benzene: acetone to yield a fine crystals m.p. 272-75''C. 
IR(KBr)y^,^:840. 912, 1140, 1400, 1750. 1762, 3370 and 3595 cm-\ 
H^ HMR (300 MHz) CDCI3: 4.68 (1H, d qui, J = 11.1, 1.4 & 1.4 Hz); 
4.15 (1H,d,J=10.2Hz);3.47 (1H, br d, J = 10.2, 3.2 & 3.0 
Hz); 2.72 (1H, m, J = 10.2, 5.0, 1.4 & 1.4 Hz); 2.53, (1H, br 
s, J = 7.2 Hz); 2.37 (1H, m, J = 3.0 & 2.6 Hz); 2.28 (1H.br 
m, J = 13.2 & 6.8 Hz); 2.22 (1H, br m, J = 13.2 & 6.8 Hz); 
2.21 (1H, m, J = 7.0, 3.2 & 2.6 Hz); 1.95 (3H. br s, J = 6.8 
Hz); 1.89 (1H, br m, J = 11.6, 3.6 & 2.2 Hz); 1.88 (1H, m, J = 
13.2,11.1 & 2.2 Hz); 1.88 (1H, br m, J = 13.2 & 1.4 Hz); 1.80 
(1H, m. J = 13.2, 10.2 & 3.2 Hz); 1.78 (1H, br m, J = 10.6, 
7.2 & 5.0 Hz); 1.76. (1H, m, J = 11.8, 2.4 & 1.4 Hz); 1.67 
(1H, brm, J= 13.6 & 6.0 Hz); 1.57(1H. m, J = 11.8. 2.4 & 
1.4 Hz); 1.56' (1H, brm, J = 11.6, 6.0, 3.6 & 2.8 Hz); 1.56 
(1H, brm. J = 10.6 & 1.4 Hz); 1.48 (1H, brm. J = 13.6, 3.6 & 
2.8 Hz); 1.44. (1H, m, J = 13.2, 4.6 & 2.4 Hz); 1.27 (3H,s); 
1.26 (3H.S); 1.2i: . (3H, d, J = 6.8 Hz); 1.21 (3H. d, J = 6.8 
Hz); 1.15 (3 H,d, J = 7.0 Hz). 
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[Contours reported are from the H MR spectrum and splitting constants 
from the J resolved spectrum] 
i3CMR(300MHz),CDCl3: 179.00, 178.50, 147.80, 132.30,88.20,82.20, 
80.90, 77.68, 74.12, 62.79, 61.92, 56.50, 52.31, 49.26, 48.99, 
43.72, 43.03, 42.52, 42.30, 41.08, 39.01, 34.53, 29.29, 26.91, 
25.42,23.41, 16,81,16.47,12.42,12.21 
DEPT Experiment 
Three DEPT experiments were performed on Brucker DRX - 200 
using polarization transfer pulses 45°, 90° and 135° respectively. 
9=45° all carbons containing : 82.20, 80.90, 62.79, 56.50, 52.31, 49.26 
hydrogen/hydrogens 48.99. 43.72, 43.03, 42.52, 42.30, 41.08 
39.01, 34.57, 29.29, 26.91, 25.42, 23.41 . 
16.81,16.47,12.42,12.21. 
9=90°-CH : 82.20, 80.90, 62.79, 56.50, 52.31, 49.26 
48.99, 43.03, 42.52, 42.30, 41.08 
9=135°negative phase : 43.72,39.01,34.53,25.42,23.41. 
-CH, 
positive phase : 82.20, 80.90, 62.79, 56.50, 52.31, 49.26, 
-CH3 & -CH 48.99, 43.03, 42.52, 42.30, 41.08, 29.29, 
26.91, 16.81, 16.47, 12.42, 12.21. 
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